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ACCOMPLISHMENTS

The overall accomplishment of the Occupational Education Program Articulation

Project was the development of comprehensive articulation policies and procedures

in three instructional areas common to Greenville Technical College and the

Greenville County School System. The areas were Machine Tool Technology-MachinP

Engineering Graphics Technology-Drafting, and Industrial Electricity-

Electricity.

The attainment of the articulation policies and procedures was facilitated by the

following:

Statement of compatible and sequential behavioral objectives
by both secondary and post-secondary instructors

Adjustment of classroom evaluation techniques to conform to
a competency-based placement program

Broadening of counselor information and skills in the imple-
mentation of articulation procedures

The Articulation Project was funded for EY-76 and a three month extension (July I-

September 30, 1976).

The status of the grant activities is explained in the following narrative.

Specific performance objectives were developed for three occupational training pro-

grams t) replace credit and clock-hour requirements. (Included in the appendices

of this report are Program Articulation Booklets which contain copies of performance

objectives.) The objectives for the Machine Tool Technology program were specified

through the South Carolina State Department of Education Career Cluster Project.
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The Career Cluster Project provides objectives, materials, and evaluation .1,1hods

whose usage is required of the area vocational centers. Vocational center and

Greenville TEC instructors specified performance objectives for the Industrial

Electricity and Engineering Graphics Technology Programs.

Procedures were adopted to allow advanced placement of vocational center students

in post-secondary programs. Following the specification of program objectives,

instruments to rate student skills were constructed. The Engineering Graphics

Technology program will be using a "Skills Proficiency Rating Form" and the Machine

Tool Technology Program will use a "Machine Shop Transcript Evaluation Form." Each

of the three programs uses a placement 2xam. (The Industrial Electricity Program

uses a competency exam exclusively to determine advanced placement.)

Effective advanced placement is a bilateral decision. The institution must determine

a student's compentencies and prescribe appropriate instruction. The student must

also feel confident of his abilities and of the placement. Students have the option

of requesting lower program placement. Counselors encourage students, however, not

to choose an entry level lower than the one prescribed.

The vocational centers and Greenville TEC programs utilize advisory committees to

ensure tnstructional compatibility with industrial reality. These committees advise

on the specification of curricula, selection of equipment and instruction of new

methodologies. The committees also make certain that training practices are commen-

surate to industrial needs.

Special Articulation Project Committees were established early in the project funding

period. Committee membership was composed of counselors, instructors, program

administrators, community representatives, and project staff. The varied membership

2
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provided of fect Ivo cons Cruet Lye crilictsm of project ac t ivit Les and commi.L.,.nt to

the implementation of the project.

Program Completion Requirements were based on graduation standards estabtished bv

the State Board for Comprehensive and Technical Education and skills levels demanded

by employers. The principal goal of the technical college and the vocational

centers is to provide opportunities for individuals to enter the labor market with

md%imum skills.

An iltegral function of the articulation process was the regularly scheduled meetings

of technical college and vocational school instructors. Instructors were able to

discuss common goals and frustrations, share teaching methodologies, and become

generally more informed about each other's programs.

MAJOR ACTIVITIES AND EVENTS

The major activities and events of the project are described below.

Tuition Scholarships--Greenville TEC established a tuition scholarship for the three

departments of each vocational center involved in the project. The ten scholarships

are awarded each June and provide one quarter of free tuition. The scholarships are

renewable for one quarter after the student's work is satisfactorily reviewed by his

college department faculty.

Guidance Information Form--This form was developed to provide feedback to the College

and vocational center counselors on the progress of articulated students.

Teacher Visitations--Instructors in the drafting and engineering graphics programs

exchanged teaching positions for one day. This exchange facilitated understanding

3



of the particular instructional needs of each program level.

Counselor's Workshop--Froject Staff coordinated a September workshop for (;reenville

TEC and vocational center counselors. The workshop allowed counselor to "walk

through" the program. Program administrators presented synopses of the articulation

process'as it applied to their instructional areas. Vocational center instructors

were given information and materials to use in advising their students.

PROFiLFMS

The project was not completed within the fiscal year for which it was funded. At

the end of June, four activities remained unfinished. These activities were the

validation ef the Industrial Electricity Articulation Test, the completion of the

counselor training program, the establishment of a testing center to handle place-

ment exams, and the dissemination of developed materialR.

The Industrial Electricity Articulation exam was validated during the late summer.

Test items were matched with program objectives and difficulty and discrimination

indices calculated for each item. A college testing center hag not been established.

The lack of these facilities, however, has not inhibited the prugram. The counselor

training workshop and procedures for dissemination of materials are explained else-

where in this report.

Fall 1976, was the first quarter the articulation process had been used to place

students in instructional programs. Although comprehensive evaluation of the program

is premature, the program does appear to have the necessary mechanisms zo support

efficient placement of students. The program needs to become more widely accepted,

but this acceptance will be a function of time as the participants become more

4
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comtortAhle with the prece.

PUBLICITY ACHVITLES

Included in the appendices are four articles which were published by the Greenville

TEC "in-house" newspaper, "Tectonics". The "Tectonics" circulation includes all

fW1 and part-time instructors and administrators and officials of forty other

ft,:titutions throughout the country. Two newspaper articles were publit;hed to

promote the program. These articles, also included in the appendices, were announce-

-,lents of scholarship awards.

DISSEMTNATION ACTIVITIES

Copies of the final report and the program articulation booklets will be sent to

the ERIC Clearinghouse for Junior Colleges, the Center for Vocational Education

(Ohio State University), the sixteen technit.al colleges of South Carolina, each

vocational center in Greenville County, and the offices of the Greenville County

School System. Additional copies will be printed and made available to any

institution requesting materials.

PROGRESS ON DATA COLLECTION AND EVALUATION PLANS AND PROCEDURES

The Articulation Project was funded for one year only. The year was spent in the

activities of initiating the project. The grant did not provide for a formal

evaluation process, however, as the program is fully Implemented it will be evaluated

through the institutional research and program auditing function of the College.

This evaluation will he examining such program aspects as:
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Are the levels of advanced placement appropriate for the
student?

What is the effect of t ho articulation program on retention/
attrition rates?

What is the efect of the program on length of study of voca-
tional center graduates?

How do vocational center s tudon is compare with non-vocational
center students on characteristics as academic 3lIccesS, job
placement, and wage levels?

What are the attitudes of vocational center and college faculty
toward the articulation process?

.;reenville TEC hopes to answer these questions when the program enters its second

and third years. The grant funded seed activities only and therefore, the College

deems it more valuable to assess the effectiveness of the total program rather

than the initiating activities.

OTHER ACT1VLTIES

STAFF EMPLOYMENT AND UTILIZATION

(not applicahl2)

(not applicable)



!YrA!..F DKUEOPMENT

The ;Lai I (level L activiti wh I ch IL'iIII t ed I rom the accomp I Himen L t

ohjective:; ol this grant are best described with reITect Lo tho:;e w-oup,, served.

I list rue r...; i r Lief pa Led I it i 1 I hi the art I it I it I MI program mel t. i og,; :.md became

hivolved in the design and implementation of the program. Instructors also

worked individually with a curriculum specialist as they specified their instruc-

ti6nal objectives and correlated test items with those objectives.

.:ounselors participated in the initial and final articulation program meetings.

Efforts were made to increase the lIvil of program information, to inform the

counselors of the advantages of advanced placement, and to train them in the

evaluation of student skills.
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111.1-n1A ICS, \ i, No,

AR; I(ULA 11)N C,k 1N r It ,

Pro,,ress is nrinv, made on the goals thr articulation
grant. The rant is ftindin tiv it ies to improve
articulation between carenville rEc and the vocational
education centers.

Recently DAVE TITUS, J. O. WARREN, OLIVLR ROGERS, ,IAN1F
McPHERSON, and LARRY SANKEY mot with guidance counselor,:and instructors from the vocational centers and HAROLD
KAY of the Greenville County

Schools.

The participants agreed on A policy of evaluation for
machine technnloey student::. 7,0re or the oblectivet. arehased on the Career Cluster Project

.

placemen tT he tudents system will he evaluated four weeksafter the quarter begins.

RILL BAILY, RANDY LUCAS, and RRUCE. CAROALL are writing
objectives in Industrial Electricity for the articula-tion project.

Engineering Graphics Technolo PY instructors LES CARAWAYand WALTER RICE have met with the arca vocational instruc-
tors and are coordinating objective

writing in theirdepartments.

ARTICULATION GRANT ACTIVITIES

Greenville Tec has a grant to promote articulstion and i nstructional agreements
between Tec and the vocational high schoolg in the area. J. D. WARREN, LES
CARAWAY, and SHIRLEY DENTON are coordinating most of the activities from the
Tec end. The grant will be of mutual benefit to the echo ole concerned, but
will help students the most. Ry agreeing on instructi0n41 objectives, the
faculty at both schools will be able to place students into the Tec program
at their skill level. Then students would not have to r epeat material
they had already learned. The grant is 'quite comprehens ive and requires
the involvement of administration, faculty, and couneelors from both educational
systems.

(TECTONICS, Vol. T, No. 4, Dec., 1975)
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LTECTONICS, Volume 1, No. 7, Mar- a l()76 )

HAVE AN LDEA?

A

A

0

LES CARAWAY, WALTER RICE, and area
vocational instructors are developing
objectives for tht articulation project.
SHIRLEY DENTON is working with BRUCE
CARDALL to writs industrial electronic
objectives.

TrcrnN Vol . I Nu . 8 Apr i 1 1076 )

Greenville Tee faculty continue to meet with
instructors from the vocational education centers.
On April 6, instructors from the various institu-
tions met to review program and course objectives.
A model for the process has been developed. The
model depicts student progress through the sysram.

J. D. Warren has developed a slide-tape set
for the Machine Tool Technology program. The
program will he used by counselors with prospective
students.

1 3



Thursday, June iü, 1W7 tt Greenville Pledmant
honond

Ten high school sen-
iors from Greenville, se-
lected as outstanding
graduates of industrial
and technical prorams at
area vocational centers,
received scholarship
awards from Greenville
TEC in ceremonies last
week.

The students were cho-
sen by center directors
and instructors as having
"outstanding records In
drafting, electricity and
machine shop," J.D. War-
ren, chairman of the ind-
ustrial careers division at
TEC, said.

The awards, con2isting
of tuition of $30 for the
firat quarter of attendance
at TEC, are renewable for
a second quarter, contin-
gent on the students'
maintaining satisfactory
provess as set by TEC.

Award recipisabi from
Enores Vocational Center
Include Jerry Matthews,
Greg Stoudenmire and
Kermit Shelton; from
Foothills, James Liner,
Ricky Pruitt and Warren
Lewis Anderson; from
Donaldson Center, Dennis
Finch, Douglas Edward
Jackson and Joel Am-
brose; and from Wade
Hampton High School,
David Gaze.

1 4



8-The Greer Citizen, Greer, S. C., Wed., Jun* 2, 1976

wail al

Foothills School Students Get Scholarships
*,

N111011,. 1

1.

Three seniors at Foothills Vocations! Center
received scholarship awards from Greenville
fechnleal uollege In ceremonier this week. J.D.
Warren, second from left. chairman of the In-
dustrial i averts division at Greenville TEC.

15

1

. .

fr4

made the presentations to James Liner, Greer,
for drafting; Warren Lewis Anderson, Taylors.
for machine shop: and Rickey Pruitt. Creep
villa, for electriccIty.



Appendix B

Program Booklets
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The work upon which this publication is based was performed
pursuant to Grant GOO-75-00453 with the U. S. Office of
Education, Department of Health, Education, and Welfare.

The project presented or reported herein was performed
pursuant to a Grant from the U. S. Office of Education,
Department of Health, Education, and Welfare. However,
the opinions expressed herein do not necessarily reflect
the position or policy of the U. S. Office of Education
and no official endorsement by the U. S. Office of
Education should be inferred.
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OVERVIEW

Evaluation for articulation into the Machine Tool Technology

program at Greenville Technical College begins with the vocational

student at his/her vocational center. The student should properly

complete a release form in order to allow his/her "Machine shop

transcript" to be sent to the Industrial Division counselor at

GTEC. This "transcript" should have been completed by the

machine shop instructor at the center.

The GTEC guidance counselor will evaluate the "transcript"

by the Machine Shop Transcript Evaluation Form. This form has a

list of Career Cluster Project objectives that have been correlated

to the machine shop courses at GTEC. Completion of objectives

listed by each project within the four quarters of courses will

be considered completion of that project at GTEC. A recommendation

is made by the counselor for placement in the Machine Tool Techno-

logy program.

If the student disagrees with the counselor's recommendation

and requests a higher placement, there is a detailed procedure for

reviewing the evaluation by meMbers of the Machine Tool Technology

department. (See "Articulation Evaluation Procedure" in this booklet.)

If the student requests a lower placement, his/her request will

be honored at thie tine.

2 0
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NIP

ARriciALAT(NG- Maci-IINJE Si-toe Sva:ADEN-7 LcJ CA-0:021-

I_____yOCATIONAL CENTER

4,

VOCATIONAL CENTER'S
GUIDANCE COUNSELOR

EArrer4.51

OTEC ADMISSIONS
fill in application,
gain acceptance, and
pay reservation fee

GTECLS.EavgaoR COUNSELORPS EVALUATION

IACCEPTS

4
DEPARTMENT:HEAD

SCHEDULE CARD

COMPUTER CENTER

BUSINESS OiFICE/PAY

ATTEND
FiAST CLASS

EVALUATION OF STUDENT
FOUR WEEKS INTO QUARTER
BY INSTRUCTOR

APPEALS

DIVISION CHAIRMAN,
DEPARIMENT HEAD,
OR INSTRUCTOR

2 1

COMICE IN CLASS

Moved back to level of
competence. If by the end
of the quarter student hasn't
satisfied course requirements
he will receive an incomplete

4



ARTICULATION EVALUATION PROCEDURE

r. Entering Student Is Evaluated by GTEC Division Guidance Counselor
with students signature for release

1. Yellow Card (MTT transcript)

11. Student Accepts- - 0 r - I. Student Appeals -

1. Registers for suggested
quarter

1. Division Chairman, Depart-
ment Head or Instructor will
reevaluate student.

2. Deficiencies listed and closer
evaluation given - decision re-
issued with counseling on its
rational
a. appeal denied - Qv tv # 3
b. appeal accepted go to #4

3. If appeal denied, stuilent allowed
to register for suggested MTT
course

4. If appeal accepted, time ex-
pectancies on student's per-
formance and quality determined
and noted to him

5. At the end of 4 weeks the student
must meet with the instructor
involved to justify continuance
based on performance of heretofore
listed deficiencies and appropriate
progress into the quarter's work

a. If student's work acceptable,
he continues through the
quarter.

b. If not acceptable, student
will be moved back to his
level of competency. If by
the end of the quarter student
hasn't satisfied course require-
ments, he will receive an in-
complete.

III. Evaluation of Student, four weeks into quarter, by instructor to verify
acceptable level of performance and appropriate initial evaluation

3
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The evalustioa instrument development by the South
Carolina State Department of Education for the
Cluster Project in the ARC funded program for Machine
Shop has been included under Machine Tool Technology
by courtesy of the South Carolina State Department of
Education.

2 3
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TVITION SCHOLARSHIP

Greenville Technical College is proud to offer tuition scholar-

ships in each of the Articulation Grant programs: Machine Tool Tech-

nology, Industrial Electricity, and Engineering Graphics Technology.

These scholarships were suggested at an Articulation Grant Advisory

Committee meeting and hardily approved by the Greenville Technical

College administration. It is hoped their inception will stimulate

interest in continuing quality education and training in these fields.

The Donaldson, Enoree, and Foothills Vocational Centers wdll
4

each select their most outstanding and/or worthy student in their

drafting, electricity, and eachine shop programs. Wade Hampton High

School will select a student from their electricity program. The

three scholarship students from each center will receive one quarter

of tuition free study at Gteenville Technical College. After their

first quarter, each student may receive an extension for another

quarter based upon review and approval by his or her instructors and

department head.

After the selection of the students by their instructors, the

director or principal of each school should send a copy of all the

names to the heads of the Industrial and Technical Divisions, Mr. J.D.

Warren and Mr. Las Caraway. This is necessary to insure the tuition

waiver be available when the student begins.

2 8
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GUIDANCE INFORMATION POEM

This form vas designed to supply feedback to guidance counselors,

instructors, and administrators. It will be sent by the Greenville

Technical College department iuvolved to the vocational center each

time there is a horizontal line of asterisks. The information on the

fora will supply data to evaluate our effectiveness and suggest -

dontinuation or dhauga in our procedures.

IT IS EXTEMELY IMPORTANT THAT THE STUDENT OR HIS/HER PARENT IF THE

STUDENT IS UNDER 18 SIGNS THE PERMISSION BLANK ON THE SIDE OF THE FORM.

IT WOULD BE ILLEGAL TO DIMMINATE THIS INFORMATION FROM GREENVILLE

TECHNICAL COLLEGE WITHOUT THE PROPER SIGNATURE.

2 9
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MACHINE SHOP

ARTICULATION STUDENT'S PROGRESS

Your student, , from
*

Vocational Center has exempted through MTT (quarter ) and *

may (conditionally, unconditionally) enroll in MTT (quarter

This placement was based on
the "machine shop transcript" only
the "machine shop transcript" and an intervieW
requested by and conducted by
vocational instructor's recommendation

The student
readily accepted placement
requested a lower placement - outcome
requested a higher placement - outcome

Date of evaluation

*

* ** * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * w* m
* 0
* "
*

The student at mid-term has been re-evaluated and is
progressing satisfactorily
moved back to level of competence C12*
(uky. be able to finish quarter's work, may have to take Inc.)*

*
*
g

Student's Signature Instructor's signature * "

Date *

* g

** E
k * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* 0
* 134

The student at the end of the first quarter of work g
-successfully col:peed MTT (grade ) on idate). * Cn

received an irked lets * cn

dropped out befogs end of quarter *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
*
* X

Student's er-tus at the end of the first year of work-
*

3 0
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MACHINE SHOP UNITS

UNIT 1 MATH - MATH DEPT.
UNIT a BLUEPRINT READING - ENGINEERING GRAPHICS DEPT.
UNIT 3 MEASURING
UNIT 4 LAYOUT
UNIT 5 BENCH WORK
UNIT 6 BENCH/PEDISTAL GRINDING
UNIT 7 DRILL PRESS
UNIT 8 DRILL GRINDING
UNIT 9 POWER SAWS
UNIT 10 ENGINE LATHES
UNIT 11 MILLING MACHINES
UNTT I2A VERTICAL MILLING
UNIT I2B HORIZONTAL MILLING
UNIT 13 SHAPER
UNIT 14 SURFACE GRINDING
UNIT 15 TOOL POST GRINDING
UNIT 16 UNIVERSAL GRINDING

UNITS TO BE USED AT GREENVILLE TEC

1ST QUARTER AT GREENVILLE TEC
INTRODUCTION
MS-3-1 MS-4-1
MS-3-7 MS-5-1
MS- 3-8 MS-5-3
MS- 3-10 MS- 7-1

PROJECT 1A
MS-9t+1
MS-9-11
MS-10-3
MS-10-12
MS-10-23
MS-10-15
MS-10-6
MS-10-13
MS- 3-8
MS-3-1
MS- 3-10

3 1

12

PROJECT 1B
MS-9-11
MS-12A-10
MS-3-10
MS-3-16
MS- 3-19
MS - 12A- 10
MS-3-16
MS-7-2
MS-7-7
MS-14-1
MS-14-2
MS-14-3
MS-14-4
MS-14-5



P.ge 2

1ST QUARTER (Continued)

PROJECT 2A
MS-10-1
MS-I0-2
MS-I0- 3
MS-I0-4
MS-I0-6
MS-I0- 8
MS-10-I3
MS-I0-15
MS-10-20
MS-10-22
MS-3-I3
MS-3-8
MS-3-10

PROJECT 3A
MS-11-6
MS-11-7
MS-11-9

PROJECT 2B
MS-I2A-10
MS-3-I6
MS-3-I9
MS-3-18
MS-3-24
MS-3-8
MS-3-7
MS-7-5
MS-4-7
MS-12A- 3
MS-12A-4
MS-12A-I 0 BORING
MS-3-10

INSTRUCTOR MAY SUGGEST REVIEW OF SLIDES AND TAPES AS NEEDED.

PROJECT 3B
MS-I0-22
MS-I0-23
MS-10-24

INSTRUCTOR MAY SUGGEST REVIEW OF SLIDES AND TAPES AS NEEDED.

PROJECT 4 (2ND QUARTER)
MS-I0-25
MS-10-I2
MS-I1-10
MS-I0-11
MS-I0-18
MS-10-22 (if needed)
MS-I2B-6
MS-11-7
MS-11-9

3 2
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Page 3

2ND QUARTER (Continued)

PROJECT 5A
MS-3-10 REVIEW
MS- 3 -12
MS-15-1 OPTION
MS-15-2 OPTION

THIS PROJECT MUST BE ASSEMBLED.

PROJECT 6A (3RD QUARTER)
MS-10 - 7
MS-11-7 REVIEW
MS-11-9 REVIEW

ASSEMBLY.

PROJECT 6B
MS-10 - 21

NOTICE CLOSE TOLERANCE- GRINDING- HOLE CENTER-DISTANCE
SPACER LENGTH-ASSEMBLY

PROJECT 10 (4TH QUARTER)

STUDENT DRAWS HIS OWN PRINT- MAKES PARTS TO SPECIFICATION AND
ASSEMBLES PARTS-SHOULD BE NO REVIEW AT THIS POINT.

3 3
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UNrt' 2 - 121!",DING

I1 TICT1')Y 70 nniTT!iT PLADTA
Vien you rinish t!ii learning p:icVae, you will be. able to on;:wer

flout aod blot the 1,1c,ck nnd r)e 0 1)lueprints.

110 TALE vim Di,rA11WIS
Wileu you uz=.1'ae. you will be L'Ac to 1,1entfy

the Oiffrg!ot viewij or ct,,jtc., as sho%:n 1,y isometric! draw_i71;:r7 or the object.

AT:r:LAET 01'
ro/it, you f lean you will 'ce eica3 e Lo iclent.i 1y

t!,e LyveL of ii r osed in bluepriyiLs .

yc,u mipkar:7,e, you will be cble to iar.rtify
tbr followin sc,c1.ionL: full, half, offset, broken ouL, revolvd, arv:i rempved.

1.1.(3-c'-5 SCALE DI:v\7TV7,

When you f njb. this learnirr_; p,ichcy.yJ, you will Le able to nsr
(ba3i.:) questionJ aL.out (inteepreti the) seal,2 (of a) dra-y:ing.

171-: MA'AM
Mirni yr:u firzli this lc,arnin7 you will be a.1-yle to ldertify

and explain the firli211 marl,..:3 on bloeprnts,

Y.1-9-7 FRIT:HAND S:ETC=G
Whri you fin-1::h t h nirg tacha.7, you will be able t make

freehand s'Aetc'iles of cylinclrlcal, rectariular, arid irregularly shapcd work
pieces.

34
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3 -

Whon you finish p::e, you will be able to unr the
to mn:.nr..: 1.-L;Lh Likii width of a ricee of r:Lock.

Your in,:a::nr..nts mu:;1., be wfthin + 1/64 of an inch of specification::.

MS-3-? CF=i CT1' Tn CO=M.ION CET
When you finish tMs learnin package, you will be able to locate

and mark Ihe c.:.:Iter on IsoAn CTV:1.V of a round tar of any sie from to 6"
tho cent.:A. hal of th,, c.-)mbinaLion s'A. Your marks must 1.(3 within

+ 1/32 of an inch of :T,!ifications.

M3-3-3 S2,UA7 !!".n.D Or, CU,',7:71:ATION SET

When you Clnish this lerc.in package, you will be a::le to use
tto aquare head to scrifr)e straight lines and an7les to within +1/32 of an
inch of specification.

MS3-4 DIVIDE%3
Whq.n you finish this learnino: packarre, you will be al:le to use the

machinist's scale and dividers to transfer the dimensions of a drawing to a
workplace. Your transferred measurements must be within +1/64 of an inch of
specifications.

MS-3-5 1-7._POCITE CALIFEFS
When you have finiL,hed this learning package, you will be able to use

the hermaphrodite calip2r to: a-rcrie parallel lines on a workpiece, and b-
locate ana mark the center of a ro=a workriecc. Your work must be within
+ 1/64 of an inch of specifications.

MS-3-6 OUTSIDE CALII:2S
When you fini::7h this learning rackage, you will be able to use the

outside caliper and the machinist's scale to measure the outside di.amatc2
of round workplaces to within +1/64" of specifications.

MS-3-7 1317TEL PROTEACTOR
When you finish this learning package, you will be able to use the

bevel protractor of the combination set to lay out, on a workpiece, the
various angles called for on a set of specifications to within +1/26.

MS-3-8 OUTSIDE MICRO=ER
When you finish this learning package, you will be able to use the

outside micrometer to measure: the outside diameter of round stock, the thick-
ness of flat stock, and the length of flat stock.

MS-3-9 INSIDE CALIFTES
When you finish this learning package, you will be able to use the

inside calipers and the outside mdcrometer to measure the inside (liameters
of tubular stock to within +.002" of specifications.

MS-3-10 TELESCOPIT:G GAGE
When you finish this learning package, you will be able to use

the telescoping garTe and the outside micrometer to measure internal dimensions

to within +.001" of specifications
3 5
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MACH1Vv: ;MOP - UNP1' CO:;111.)

When you Cinish you will be ably to t-::.(Inble

and tho to :::surc, irsid- dj,.te1.1 oC tulw1.1r
to within .1,001." or sp...!(.,.1Cicat:on:!.

M2-3-1;') D''PH
you firl&! lenruir paelcae, you will 1)(2 ab3e to rsemile,

arld us,! d(pf:h ml csuatci Lu mcasure the depth of holes and slots
to withi,: 1-.001" of slyciCieLtioas.

When you f I !I:1..7h this 1:-.arnIni; packar,e , you wi I 1. be able to use the

scre-: p1 Leh to measure thf: num.:..er of threads per inch on z:.ny

screw or bolt.

SCPZ.W :JCK:ET:P,
When you fini sh this luarnir,Er, -ortekne, you will be able to use the

screw thread r.lccomet.-,r to measur ,! thc pitch diam!.etcr of screw threads to
within t.001" of speifications.

N3-3-14 VE:rIER CALIP
When you. get fnihed with th:,2 learni,g packae, you will b( ullu

to use the v,?rnier caller Lc m,:asure the outside and insidu diameters of
round stock and the dephs of holes and slots to within -1..001" of specificatIons.

MS-3-15 Si.7.= GAG::
When you finish this learnin7, 1:17,age, you will 1,e able to use the

surfac gage to measure and scri-ce lines on vertical surfaces to within 1-.().10"

of specification:3.

MS-3-16 \FERNIER 1-1EIG:iT GAGE

When you finish this learnin7, packa7e, you will be able to use the
veinier heiEht gae to make comparison checks tp within +.001" of specifications.

MS-3-17 OPTICAL COMPARATORS
When you have finished t,his learning packase, you will be able to

answer questions about optical comparators and how they work.

Ms-3-18 GAGE BLOCKS AlID DIAL INDICATORS
When you finish this learning package, you will be able to use gage

blocks to verify the accuracy of a dial indicator to within +.0001".

MS-3-19 DIAL INDICATOR
When you finish this learnihg package, you will be able to use the

dial indicator to check the concentricity (roundness) of round stock to
within +.001".

MS-3-20 DIAL INDICATOR - VISE ALIGMENT
When you finish this learning package, you will be able to use the

dial indicator to aling a vice on a milling machine to within +.001" of speci-
fications.

17
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- (7,(X, -

Whn you ritti!;11 I. 1(!:r:11.11 1-)%1', you win LO 11:30

C:',j;(? Lo ;Hannrt:! uoncavn ri,ct:i or prLs.

Wiwn yoo k Lijs you will 1,f2 Lbie tn chijnL
Lhe plunr 1. a givn nel

you fini:.h IL:%rnin.:., mchL---, you will lo to use the
v,.raier Le7-1 protra(Aof ';') lay a cr,iv n allfJo, with an accuy

of -1- 0°5'.

PAR
nen you finish packniir,....:, you will be able to use a

sine bar to me':.!.s-2.re and set up various angles wi th an acuracy of +0051.

M2-3-25 SI:AP GAri7:2

When you finish this learnin 1),,ckae, you will be efnlu to use snap
gages to meadre di=:ters, and thicknesses of parts.

MS-3-2 CJ TO= Vi=
When you finish this lealHis7 packa7,e, you will be able to usc a

gear tooth vernier caliy,er to the addt2ndum and the chordal thickness
of any gear tcot.h.

3 7
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N:1;-4-1 A;:i) 1,0,7,.;%:..();;TH;;;

f;n11;11 th1;4 t.o I'y

a;01 r L1),:,1

1

finih yeu will be able to layout
fluid, h,:rm;.!hrodie caliprs, and prick

tO lvout LO

TA1()i_T: W.r.")LS: FI1 2

Wen you fininh lernin p!Jchve, you will be all.° tO Ure
the vernit,r 11.:iLrht !-!ncle plato, t(Ndulaker's squar,

pralll 1-2-; preci:,ion squi,re, L71(:! blocks,
and sine bee to do w.:)rk to sp..J(.1fications.

MS-4-4 US:111 TO01:71: PAY:T 3

When you fin i rb I cerni n p'IckF:.e, you will be able to 1.12c the
conbinal:ion set, vernier protractor, -,nd prc,rac':,or depth gw_;,-2 to do

inspection and layout work to -i)cc.ifr:ations.

M3-L-5 US1-rC; LAYOU-1' TOOL'S: PA1;T 5

Whin you finish this learnim!, packa:Tf,e, you will be able to use
the surface rec, dial indict,or, laacr ga:e, center punch, and hammer
to do 3.vout work to specifications.

Ns-14 -6 LAY.1.1:0 OUT A T-SLOT CLEAITEI1

When you finish this learnin: packa,7e, you will be able to layout
a T-slot cleaner to specifications.

MS-4-7 LAY:::G OUT A DF.ILL AIM TAP EICCK
When you finish this learninp: pache, you will be able to lay out

a series of six holes on a drill and tap block..

3 8
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;ITV - WA! 5 - WO:%:

To

Whn yon rinHh thH wirn;Ip7 p!te, Yoll will L'! :11'10 to l(H!lij-CY

you .finis'r. b,. Cale to
the 1,.1.1 ts of' a 14.ne11 do th ! accordinu,

to

FTL'S
When ou fini6h tiHs ]Lrn.hy 1...tche, you will. %Iti.e to iden:,iCy

Ic files us,!d in tr.a.chinin z.1,.d file worl: pleces ayi:urly to specifieLtions.

When you fihirh this you will 1.-J2 alde to identify
and prol.;rly use hand ipaek to cuU r.tals.

n7-5-5 7:A's

When you fir-Cch this learninr:, pac.., you will be able to identify
a_nd sly 1.1e tP.ps and d uo cut thread:; on worl: pieecs to spe7Arleations.

MS-5-C =)
When you finish this learninr:, you will le nbl.e to use hand

ream,:rs properly to holes 'in tlltals to sp2cified sisec.

1S-5-7 72iJ'.1=S, C=ELS, TZTES, AiS) ==S
When you finish this lt-..arninj, paci:ace, you. ,:ill be to identify

and properly use i!,.:=ers, screw drivers, chisels, pliers, and wrenches.

3 9
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yt.r1 .11"trtH, ,vw,1 111 1... t) 11:70

1.,t.,),:,,er r. j H..' whi t.1:.,

j;t,:j L (.r. 1:1' i i , 1:10.I: ;/1.1 t. 1,11t).1

WIp.::1 you you wIll 1,(!

Cor nncl!,..t1

-3 (.1:: ;

y()11 Wi 1. 10 L))

t t!1.111'..7

4 0
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MACHT.T.F2 S:i0P - UNIT 7 - DILL P.P.F.SS

VS-7-1 INTROLIUCTIEON TO D=1, =Es
Inhen you finish this learninLT, pael:am yoll will be able to nune

each control on a uprif_:ht drill press and tell what each control do,,s.

1.S-7-2 SUPS Ch D=1.=
When you finish nis learnin: pkage, you w11 be able to use

the proper holic7 devices to set up for the followinE; drilling tasks:
round stock, flat stoc1;., sheet metal, irregular shapes.

PEESS CUTTING TOOLS
When you l'inir;h this lrning Pare, you will be able to identify

cutting tools used in a drin prcss and tell what each one does.

4S-7-4 ADAPTERS Al:TD SLEi="V7S

When you finish this learninp., packaL:e, you will be able to we
sleeves ad/or chucks to change the holding capacity of a drill Press spindle.

MS-7-5 DRILL= HOLES
When you finisit this learning ra(lkaFge, you will be able to choose

correct f,...eds and speeds for drilling holes in steel and aluminum.
Accuraey will be + 1/32".

MS-7-6 DEPTH PPE=
When you finish this learnig taellagc, you will be able to use

the drill press depth stops to drill holes to a specified depth, with an
accuracy of + 1/16".

MS-7-7 COUI=ORII7G, COIT2ITERS=1.=, AND SPOT FACING
When you finish this learning package, you will be able to use the

proper tool to counter sink, counterbore, and spot face drilled holes to
a tolerance of + 1/32".

MS-7-3 ANGUTAR HOLES
When you finish this learning package, you will be able tc make

table adjustments and 1:se Proper holding devices to drill angular holes
in metal, to an accuracy of + 1/32".

MS-7-9 RADIAL DRILL PRESS
When you finish this package, you will be able to answer questions

about the parts and controls of a radial drill press and tell what each does.

MS-7-10 RFAMING
When you finish this learning package, you will be able to use

a straight or taper shank reamer to ream holes to a specified size,
with an accuracy of +

MS-7-11 MACH= TAPPING
When you finish this learning package, you will be able to use

the proper tap drill size, tap, and tapping attachment to drill tap holes
as shown on drawings, with an accuracy of + 1/32".

4 1
.
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riACTIXrP, - U= 7 C=Inj.:.1) - DRILL Pi-JY'S

NF,-7-12 TAT:TS OF A TWICY IILL
When yolz finish this lcarnin3. packar:e, you will 1.0 able to name

the 1.:Lrs of a LwiJt drill and tell the purrose of each.

M3-7-13 WTST ITIn SIZES
when you firdsh this learnin,_; packae, you will be a.le La use

cL,,rts and drill gacs to select the proper size dril.1 for a ,given

14S-7-114 TRAFTPFIflG HOL.7.:S
Wiu you fir,ish this learninc; packae, you will be al,le to

trr,nr:fer ales froln os Die^e of work to another by spottinE with a twist
drill, usii,L; a trausfer ,211ch, and using transfer screws.

I.

4 2
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IvAC.iTii E;i:CYP - UNIT 8 - DRILL OnnTNG

1iTI7A7i") P.:717n SIA7=TC1

When you f1:1-15:h this learninf; pack:1!::e, you will be able to use the
lonz.!1, or t)edstr.,2 .,rinder to ;;Larpen r. dull twi::t Using a drill
bit u,age a:7. a cuide, you will to abl to: keep the point an7,1e to within

,o
-:, a:id keep the point centered to within 1/(4" drill lip lenE,th.

NS-8-2 n":CHEIF 1)1;TT.1,

When you fini'sh this learnin packae, you will he able to set up
and operaLe a rchine drill crinder to shoiTen a two-lip drill and
a thre or four-lip core drill.

4 3



- UNIT 9 - POWER SAWS

11:3-9-1 IV,WER SAWS: I= AD COTI:;OLS
When you finieh tlds learninr' packae:e, you will be able to name

the thain pars arid controle or the horlIzontal band snw, the ve;rtical band
saw, and tIle power hee.K. saw.

CHOOSINQ I:C= SAW BLADES
When yoa finish 1)A..s learning package, you eill be able to choose

the correct power 3E!,:: blade for a given application.

3A'::1NG 1:1;0=3
1.:en you finish i;his learning paekege, you will 'oe able to answer

questions aout cIJ :no inn and coa.recl.ihg problems often met wheh using

. the power hacl,leaw, vert,ical band saw, and horizontal band saw.

5=1:G F;LADE
When you finish this learning packa7e, you will be able to use

charts or a job dial selector to choose the proper speed of a band saw
blade for a given job.

MS-9-5' SITT:G UP POT:77 SAW COT=OLS
When you finie., this lcarninP: package, you will be able to set up

the operational controls of a power hack saw and a power band saw for a
sawing operation.

MS-9-6 MOUNTLTG l';:113 SAW BLADES AND CUTTING STOCK
When you finish t'nis learning package, you will be able to select,

mount guides, and install blades on the vertical band saw, and cut stock
with a vertical band saw to an accuracy of 4. 1/16".

MS-9-7 WELD= BAND SAW BLADES
When you finish this learning packapze, you will be able to use the

bulk blade provided and the weldinp: attachment on the vertical band saw to
weld bad saw blades. You will weld blades to specified lengths for par-
ticular saws and to the thickness required by the blade thickness gage on
the vertical band saw.

MS-9-8 VERTICAL BAND SAW: CUTTING CIRCLES, CONTOURS, AND STRAIGHT LINES
When you finish this learning package, you will be able to use .

the vertical band saw to cut contours, circles, and straight lines with
an accuracy of 1/1C:".

MS-9-9 FRICTION SI%MING
When you finish this learning package, you will be able to set up

a vertical band saw for friction sawing of thins sheet metal.

M5-9-10 BAI1D FILING
When you finish this learning package, you will be able to select

and set up a band file for a band filing job.

4 4
. ;.
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SH.Op 9 C0171'1:TID - POWER SAWS

n7,-9-11 l'01;171,rfTAL ahW: STRAIGFT AND AMIE CUTS
t1:is learninf". rackae, you w:111 be aftle to uce

horb.oLa1 1)nd sw to cut stock, ',-.11-.11 an Elcoury of + 1X" 1:.nd to
nake anc-o7,1r (2,-7.46z; with an accuracy of + 1°.

rZ.-9-12 FITE:ING A T-2LOT CITATTi
When 7.-ou fini:111 tni learninE: packaz-;e, you will be able to finish

a T-slot. ci.ler to blueprini.; specifications.

S-9-13 F11_1(7, A DFnIL IED 9.AP 11",CCK
When you finich this learnin:: pckase, you will be able to finis:a

a drill aild tap bloel: to blu(*rint s-uecifications.

4 5
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Si;OP - UrIT 10 - ENGIN-:: LATHE

M3-10-1 LATIIE 1APC2S ATTD CONTROLS

When you fjnis]t Lhis learninj packa7e, you will bc able to point
out ps,rts and cont,rolo of an engine lathe.

M3-10-2 CUTTI!:G SPEEDS FEEDS
Vlien you finh learnim pachem you will be able to choose

proper fer.:ds and speeJs used to maenine different kinds of meals on the lathe.

MS-10-3 .=:':;TALL-JAS CiTUCKS

When you f]clish racka.:e, you will be c.ble to install
all of the chucks usel on a lat:.e.

NS-10-4 TOOT. BTT. GhIWhLT
When you finish this learnir,g pack, you win be able to: identify

and sketch basic la!,he tool::, grind a general purpose tool bit for use on
the enLine lather.

M3-10-5 FOUR-JAW CHTT.K. TUlT
When you finish this learnin:, package, you will be able to true

a piece of rouns stock in a 4-jaw chuch.

MS-10-. FACING TO LB=
When you fini:311 this ] earning packaf,e, you will be able to machine

a workpicce to a given length using a facirg tool on an engine lathr with
an accuracy of +.001".

M3-10-7 COLLET ASH:DIY 1,,PD CFTER DRILLING
When you have finished this learning package, you will be able to:

set up a collet as.scrrbly on a lather, center drill a workpiece on the lathe.

MS-10-8 GRADUATED MIC=ETER COLLA_R: ROUGH AND FINISH TURNThS
When you finish this learning package, you will be able to uce a

graduated micrometer collar to turn a workpiece to a specified diameter,
with an accuracy of + .001".

MS-10-9 NECKING
When you finish this learning package, you will be able to do a

neckinq operation on an engine lathe.

MS-10-10 MOUNTING WORK BETWEEN CENTERS
When you finish this learning package, you will be able to mount

a workpiece between centers properly.

11S-10-11 ALIGNING THE TAILSTCCK
When you finish this learning package, you will be able to adjust

the lathe tailstock proprJr1c for turning a work between centers with an
accuracy of + .001".

4 6
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MI.C= - IJI;IT 10 CnTINUi:D - EGT;E LLTHE

MS-10-12 DRILL2:IG =TUG' 0:1 THE LATHE
When you finicl! this learning packam you will be a:)le to drill

and rea7-:1 a workplece on an enginc lathe to a specified size.

MS-10-13 1.10-1-: ON A MA=EL

When you fThich this lning pv:.1.:ac,, you will be able to use a'
ndrel to turn a worece to a sp7.,cifiedlil

1,13-10-14 7711-E7G TO SC.I_TAIZE A:U) FTr,LY1ED :140U1-,DFTRS

ycu finish this racke, you will be able to cut
a squore and a fir'..eted fihoulder propexly.

MS-10-15 rii= A7) POL1SHT7:G
When you fnisi this packag,e, you will be able to file and prish

a work piece a lathe to a specified size.

MS-10-16 1:=LG
W-pen you finish this learning package, you will be able to knurl

a workpiece on a lathe.

M3-10-17 TAPER TuRrlIf:3 WITI1 A CO:,IPOTTND REST

When you finish this leacnincz l'ackage,
a taper on a workpiece usina th.:, compound rest.

you will be able to turn

MS-10-17A CALCIJI=G
When you finish this learning packarr,e, you will be able to:

calculate pror co=poun :4. rest angle settinl:s for turning tapers using
for=las and trif-,ononetric tables and calculate tarer per foot and taper
per inch using formulas.

M2-10-16 TATER TISE7= AITD TAYEI: A TTAC EMENT

When you finish this learning package, you will be able to tui
a taper using the taper attachment for the lathe.

M5-10-19 TAPER TUR:TING WITH OFFSET TAILSTOCK

When you finish this learning package, you will be able to cut a
taper using the offset tailstock method.

MS-10-20 EXTERITAL THREADE:G WITH TH=ADING DIE AND HOLDER
When you finish this learning package, you will be able to use

the engine lathe to cut threads on a workpiece with a threading die and
holder.

MS-10-21 TUTJTIIG ON THE LATHE
When you finish this learning package, you will be able to cut

an internal thread with the lathe by using a tap and holder.

MS-10-22 THREADIG OW THE LATHE: EXTERNAL THREAD CHASING
When you finish this learning package, you will be able to:

cut threads on a workpiece by using the lathe thread cuttina mechanisms
and chase external threads using a lathe.

4 7
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10-23 130=1, iR
When you finish this learning pachaL,e, .y-a will be vble to bore

a ho7e to size on a lahe.

V3-10-21; LTTEITZ.T T=7:TG
When you finir;h this learning paci.m.e, you will be able to cut,

interi!al thr.Ja.1s using the thread chasing mechanism.

gS-10-25 ST=.7 R.=
When you fjnlh t,hs lerninrr, 117,ckage, you will be able to

up and rachne a long worl:-niece using a steady rest.

4f,-10-26 FOLLOW DF,ST
When you finih this learninr5' p-,ckai-e, you will be able to

uT) and machine a workpiece using the follow rest.

Mf.;-10-27 FOPJ TI=1;C;
When you finish this learning pac?..age, you will be able to turn a

radius on the lathe by hand.



MACHTTIE SHOP - UNIT 11 nILLIN.G : II;TPODUCTTON

ns-11-1 KI1:1):7 OF MIL=
When you finif;h this le!-nin pac!:Rge, you will be able to

r,o3 and six different hinds of milling maehines and briefly
dcribe their uses.

ns-11-2 LUBfliCATIO:l AflD ..V2i TEN T MAINTEaNCE
When you finish this learning packao, you will be ablo to

lubricate and perfora, pre7entive maintenance on millinz machines.

M3-11-3 S=S AflD FT,S
When you fini:Al this learnThg packago, you will be able to

figure speeds and f,,,eds on a milling machine for given cutters and work
.ma.c.cria2s.

Ms-11-4 CUTTTNC, FLUTT)S OTT.;

When you finish tis learning package, you will be able to identify,
mix, and a7p1y cutting fluids and oils in milling machine operations.

V3-11-5 1,?.OEFORTE3 AITD ATTACI-=`JTS

When you finish this learning packacr,e, you will be able to point
out and na7mc several milling machine attachments and tell what is used for.

MS-11-6 II:DE:KING H:ADS AND DIRIICT 27a=1.G
When you finish this learning packae, you will be able to: point

out and n.F..me the five basic parts of an indexing neF%cl, describe the use of
each part, and set an indexing head up for direct indexing.

4S-11-7 SIMPLE IND7
When you finsh this learning packarse, you will be able to change

an inzx plate and set up an ind,:xing head for sir;Iple indexing.

MS-11-8 ANGULAR Iliny=
When you finish this learning package, you will be able to: set up

an indexin:_; heod for angular indexing and use the proper formulas to figure
angular indexing settings.

MS-11-9 PREPAR= TTE HEAD FOR =XING
When you finish this learning package, you will be able to prepare

an indexing head along with the footstock (tailstock).

MS-11-10 Ir:DEXEIG: ALIC=IT OF CENTERS
When you finish this learning package, you will be able to align

the centers of an indexing head and tailstock with an aligning bar and
dial indicator.

M3-11-11 VISE AND TABLE ALIG=IT
When you finish this learning packeire, you will be able to:

align a milling machine vise with a square, a dial indicator, and the
marks on the vise base and align the table of a milling machine with the
column face.

MS-11-12 ROTARY TABLE An SLOTTING ATTAMENT
When you finish this learning package, you will be able to identify

and briefly describe the uses of the rotary table and slotting attachment.

4 9
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4AC1:TNE SflOP - LUTT - MIL7,ING M=RS: VERTICAL AND NORIZOETAL
SECTION A - VfN MILLINC, AChIN]:S

MS-12A-1 SOUTli T77::D RAM T[RF,T: AND CO:':TROLS
When you finish learning r,:cka,-,e, you will be 3b1e to na'ne

the 1)arts and conrol:; of a Gouth itd Ral..1 Turret vertical
and 0c:scribe what each co,ntrol does.

MG-1A-2 CTC.:77=:' NO. 3: PARTS AND CONTROLc;
Whn you finish tbis learning racke, Nou will be able to oint

out and 1,,Ime the pFs47s and controls of the Cincinnati No. 3 verLic.71
L:aehil.- and descrii:e what ec'.J_di control does.

MS-12A-3 1:01-)L "J" IRIOGEI3I:c2: PARTS ANT) CONPROLS

When you finish this learsing package, you will be able to point
. out and name the parts.and controls of the Model "J" Bridf:eport vertical
head nii!ling machine and descrlc,e what each control does.

MS-122.-4 MODEL "J" P=DGEPORT: VERTICAL FTAD ALIGN=T"
When ycu finish this learnin;-: package, you will be able to alip:n

the head of a Model "J" Bride:)ort vertiCal head milling machine.

MS-12A-5 MODEL "2J" TRIDGEFORT: PARTS AND CONTROLS
When you finish this learning packare, you will be able to point

out end =9 the T.v.l.rts and controls of the Model "2J" Eridgerort
head milling machine and describe what each control does.

C=INNATI MODEL "D" TOOL'!ASnR: PARTS An CONTROLS
When you finish this learning rackage, you will be able to point

out and name the parts asd controls of the Cincinnati Model "D" TooLaaster
vertical milling machine and describe what each control does.

MS-12A-7 VAN NO= MODEL 13: PARTS AND CONTROLS
When you finish this learning package, you will be able to point

out and name the parts and controls of the Van Norman Model 13 milling
machine and describe what each control does.

M3-12A-8 VERTICAL MILL= nACHIFE CUTTERS
When you fini;:h this learning package, you will be able to point

out and =lie cutters used in vertical milling operations and describe their
uses.

MS-12A-9 MOUNTING CUTTEF:S AND CUTTING A KEYSEAT
When you finish this learning package, you will be able to mount

vertical milling machine cutters properly and cut a keyseat, using a
4-flute end mill.

MS-12A-10 VERTICAL MILLING SETUPS AND OPERATIONS
When you finiss this learning package, you will be able to identify

and make setups on a vertical milling machine.

5 0
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- UF-IT 13 - St.:APEr<

MS-13-1 S:;!:"EP: P.2.71) LUT'AJCA7TON

When you finish with this learnini!, pr-r_.ham you will be able to
of a shaer and luLricaLe a sl.!apr to 7;-lnufact'Ircr's

skeelficaUions.

MS-13-2 :1.-tAYLR CO=LS
When you ffnis i this learnin;::: pz::.ckage, you will be E.b1e to 11:7e

the op2ring controls of Lhe shaper and tell what each does.

M2-13-3 CUTTE:G TCX)LS
When you finiTh this learninp; par:ka7e, you will be ble to

name co=on cuLtin:: tools ud on thu shaner and describe and tull the
purpose of the anL,,les zround on each tool.

MS-13-h VTSE Pl",71-1T: SHAFER SAFETY
When you finish this learning package, you will be able to:

level and a1i!7n a shaper vise using a dial indicator and a precision sTilare
or parallel, a!:d stae i7Tortant safety rules about the sl-laper swivel
head and vrtical tool head.

MS-13-5 r..CHINY7.3 A FLAT, HORI=AL SURFACE
When you finish this )7:arning package, you will be able to set

up and machine a flat, horizonLal surface on a shaper.

MS-13-6 SETUPS wr.) VERTICAL ;D AT;CULAR CUTS
When you finish this learnincz m:-Achage, you will-be able to set

up a shaper,and Llachine vertical and angular cuts on a workpiece to
given specifications.

MS-13-7 FEEDS AITD S7727,S

When you finish this learninrT package, you will be ahle to figure
proper feeds and speeds for different shaper operations, usins formulas
and charts and set a sher for a given cutting speed, number of strokes
per ninute, and feed per stroke.
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P.Atnr - ]2 - MILL117, 1Jfl7T1CAL A711 110=0WAL

SECTTO:1 i - MILL=

/13-12i:-1 CL:CINNATI I:0. 2: PAPTS Ai COUUOLS
en you fin tis pncl 7g.e , you will ahlo to rair!

anl voi!;!:. out t:ic viartF. and controlson the above rillin m,.chine and

descril.e wiat each control does.

11S-12T-2 Fo7:717:0=
W7,1:::n you fdlif:h t:ds packr:.7c, you will be able to

point out and na7::c cl...:,Lers used in horizont:-,1 rii11Lnt.: ow:rations and

describe their US2:3.

MS-12R-3 =17_oN2:70-, CUTT17,H3

When you finish t'r.s lr.rin jrche, you will be able to mount
horizontal. ;:1F.ehie cutters properly.

MS-12E-4 HOT.701TAT MITITITa EETTI A:) OrERATTONS
When you finish this learninr, raci;a4;e, you will be able to ic.Intify

and 11,7C::C setups on a hori::.or,tal mi1lin47 machine.

MC-127.;-5 TISTAT= A TE;TICAL ATTAC=TP
When you finish this learning packa:e, you wdll be able to install,

lubricte, and orerate a vertical i.eir.d iii.1lnr attachn:ent.

MS-123-6 CUT= A SPTill GSZ
When you finish this learnin7 package, you. will be able to set

up a hortzonta1 col= and knee t:. ''.1in:7; machine for cuttin.7, a spur

gear and cut a spur gear accordjng ,-,rint specifications.

MS-123-7 CUTT= A RAC?:,. CrEAP.
When you finish this learninL, packa7e, you will be able to set

upa horizontal column and knee type milling machine fcr cutting a rack
rear and cut a rack gear according to blueprint specifications.

MS-121-8 CUT= A FELICAL Gr.22,
When you finish this learning package, you will be able to set

up a horizontal coll.= and knee type milling machine for cutting a helical
gear and cut a helical gear according to blueprint specifications.

5 2
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M3-14-1 C:=CH: rA;=ITs L:D cr`r:TROLS

Lhen you finish this loarninr7 packe, you will be able to name
th'; 1,arts and coLros of a surfayc p,rinder.

SFLECT= f CJ1ITNG W=LS
W-ip-n you 1in1;:h tis 1car package, yolz will bo able to select

and ch7.:.!:ge cr1 3Ir ii on a =f%co grThder to metit recinir:monts of the
to :e

ANL) W4Ea1, C

W11,2n yc.:u f s rrri n. parAI:ge, you will le able to select,
test, mou:;t, d drc s:. the prop2r gi.ndinc, wheel for a -iven job by using
the dins.ond tip dreczer to true the wheel in rel%'Gion to the magnetic chuck.

M3-11:-4

When you finioh this learning package, you will be able to position
and secu,-c a 1,:orkpieoe on thr, mar,netic chuck of the surface grinder and
aT!ii-,h the workniace surface so that it is parallel to the face of the
grinding wheel, 11.1m; a dial indicator to get an accuracy of +.001".

ME-l4-5 G..fl-72)II;G A WORTTCE

When you finish thiz learning packf_v-e, you will be &:le to nake
a finish dravin a-1d r-rind two parallel Lars to the specifications of that
drawinr); with an accuracy of +,0005".

NS-IL-6 WY7.71, LT:SS1-=: CC).77EX OY Ca;CAVE RADIUS

When you finish this learninc, paci,-.age, you will be atle to zet up
a ri:.dius dresser and dress a grinding wheel to a convex or concave radius.

5 3
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- 1J-1,11 15 - TOOL P0:-.1.2 GRInE:G

?;-15-1 A T:TD7,

111-1 you rae!:,:e, you will he alle to Fet
up a lethe aid tool pit crjndr. 'or a crindi oreration.

F=HF=7, i'7S1 CIL;TNDITG

When yua Lhis leExhir:F.; packam you w]ll be L,.T le to grjw:',

a lather cunt= poin',. :For.rly to fit a c(-2nter Lace in 55 minutcs.

T:F TOOL PO5T CaTNE'.;
Wnen you 1' ]7jsli this learni!:,: 1-..cka7e, you he a1e to sharp,r2n

a iiJn. raa.r prc):::.:Jy on a tJol posL brinder in 1.1j hours.

POST G7,T=3
Wh(:n you finish this leaf:I-LI-IL; packse, you will he able to 7-rind

a drM 1.)shing bore to liletrint srecific7.LLioLs with a tool pc,st grinder
in one hour and tw:Ity minutes.
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OVERVIEW

In order for.the graduates of the vocational high school drafting

programs to enter the Engineering Graphics Technology program at Greenville

Technical College at an advanced level, course objectives, an Employability

Profile, and articulation procedures have been developed.

The concept sheets have been developed jointly by the instructora in

the vocational high schools of Greenville County and the department head,

division Chairman and members of the Educational Development Te,>:n at Greenville

Technical College. Their purpose is to help indure uniformity of objectives

to be covered at either school or college.

The Student's Employability Profile shows the major mechanical draft-

ing units plus a further breakdown of competencies that can be used by an

instructor to keep a running account .of a student's progress. The completed

form supplied by tha vocational school instructor will be used along with

ot4er data to help determine at what level the student may enter the Engineer-

ing Graphics Department at Greenville Technical College. The sane form

will be used at Greenville Technical College and the additional tasks and

competencies will be checked as they are reached.

When the student leaves GTEC, the completed form may be used by an

employer as a guide with reference to his technical skills accomplishments

and also as an indication of his attitudes, behavior, and work habits.

The major units and competencies listed in the Employability Profile

cover many specialized fields of drafting so that it is highly unlikely that

any one student will cover them all even though he completes two years at a

vocational school and two years at Greenville Technical College.

5 8
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The following courses will be considered for exemption:

Course Title Course Number

Engineering Graphics I
Engineering Graphics II
Engineering Graphics III

Related Drafting Courses

Engineering Drawing 1
Engineering Drawing II

5 9
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EGT 111
EGT 121
EGT 131

EGT 112
EGT 122



FLOW CHART OF ARTICULATION STUD:NTS - EGT

STUDENT

°Decides to go to GTEC
°Informs counselor or
instructor7
Assembles portfolio of
drawings for interview
with department head

GTEC COUNSELOR

VOCATIONAL CENTER

COUNSELOR

Notifies voca-
tional instructor
of students place-
ment and progress

Contacts GTEC
Technical divi-
sion counselor
to arrange appoint-
ment for students
personal visit.

INSMUCTOR

Provides: Recom-
mendations for
advanced place-
ment and employ-
ability profile -
sends to GTEC
EGT department
head

°Arranges meetings
between student
and technical
division chairman
and department
heads
°Makes arrangements
for student to. take
Meth and English
placement test
°Evaluates placement
test
°Contacts student
for interview

Meets with student
to discuss programs
Arranges tour of
drafting labs

STUDENT

*Goes to computer
center
°Pays fees at Business
Office
Attends Class

IQuarter Completed I

3

6 0

EGT DEPARTMENT HEAD

°Meets with student to discuss
EGT Program
Interviews student
o Review: Recommendations
employability profile, portfolio
and placement test to builds
students schedule

°Notifies vocational center
counselor of vmdents placement

o Re-evaluates student five weeks
into quarter - student advised
as to progress

°Notifies vocational center.
counselor of student progress



ARTICULATION EVALUATION PROCEDURE

Students who graduate from any Greenville area vocational centers'

drafting program may be permitted to exempt one, two, or three quarters

of engineering graphics from the Engineering Graphics curriculum or one

quarter of engineering drawing from the Architectural Engineering Tech-

nology curriculum at Greenville Tnchnical College.

The following steps should be taken by vocational school students who

plan to apply for exemption from engineering graphics or engineering

drawing courses.

1. By the middle of your senior year ask your instructor or counselor to
contact the Technical Division counselor at GTEC and set up an appoint-
ment for you to ask* a personal visit.

2. Arrangemetts will be made by the GTEC counselor for you to meet the
Technical Division chairman, the department heads and to visit the
drafting lane while clams are in session.

3. Your comselor can make arrangements for you to :-.ake the placement
test administered by GTEC either at your school or at GTEC.

4. The GTEC technical division counselor will evaluate your test and con-
tact you to arrange for an interview.

5. Providing that you have met the general entrance requirements you will
need a recommendation from your instructor for advanced placement.
(This will be sent directly to the department head).

6. You will need an Employability Profile. (This will be sent directly to
the department head by your instructor).

7. You will need a portfolio of your drawings either originals or prints.
(Bring this with you when you are called for an interview with the GTEC
department head).



GREENVILLE TECHNICAL COLLEGE
ENGINEERING GRAPHICS DEPT.
P. 0. BOX 5616 STA. "B"
GREENVILLE, S. C. 29606
TELEPHONE, 242-3170 EXT. 253

EMPLOYABILITY PRL LE

Occupation: Drafting

NAME

SKILLS PROFICIENCY RATING

ADDRESS
Last First

TOWN, STATE, ZIP

E VALUATOR

PHONE

TITLE DATE

RATING LEVELS:

BASIC TECHNI9IJES

1. Instruction Not Received 3. Satisfactory
2. Needs More Instruction 4. Outstanding

1 3

Use & care of instruments & materials
Alphabet ok lines
I.AttArina

01. NE *1 I Ilk AE

Basic constructions
Basic applications 11..

jvIULTI\TIW Loit.AWIDICIS
Qrthiaa_ranhic pzoie_ction
Maior views_

flTh,5EN1ONING
eth ds

Rules

03RECISiaN DIMENSI- NINO
Standard fits apd limits
TnIt.za.nre_s_

I Liagsktt._

A EW
Full-and half section other sections

-

6 2
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FASTENERS
Specification and representation
Kinds and classifications of threads
Springs

W L ING IIIStandards and s mbols
Alication

PRODUCTION DRAWING .

Assembly and detail
La out and design ---
Bills of Materials standard notes
Revisions and related forme

etai e assem y

DETAILED DRAWING - SPECIALIZED
Casting and pattern
Mac ine
Stamping
\ e ding .,

Explodeaview

PICTORIAL DRAWING
Isometric
Oblique Projection
Perspective

ECHNIOU N No

Line work
Lettering

kKETCHING REPRODUCTI.N
Prints
Sepia
Other

RELATED INFORMAT= .

r Time cards and clock

Drawing no. and part no. ivstem

117.TFEREMTS'
5/Tac iner s arb.----1-71riZT6B-7------

Architectural Handboók
Industrial catalogs

6 3
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1 2 3

BASIC MATH INCLUDING METRIC SYSTEM
Fractions and decimals
Volumes and arms
Weights
I.asic s ide ru e

SPECIAL -Mechanical

Con8tructiorl _

Architectura
___

AMS

i

AREAS
Architectural
Structura
Plumbing, heat ng an a r coni loning
Electrica an e ec ronic

ap and opograp c.

PRECISION DIMENSIONING
Positional and form tolerances true osition
aximum Material Condition
Numerical control

APPLYING FOR A JOB
Appearance
Attitude and feeling
Filling out applications
besume
What not to do
eferences

Interview Know- iow



ATTITUDES, BEHAVIOR, AND WORK TRAITS

EVALUATION: Please draw circle around numbers that are most appropriate,

RELATIONSHIP WITH OTHERS CONCENTRATION
1 Unable to determine at this time 1. Unable to apply self to job at hand
2. Has difficulty with others 2. Concentration fluctuate s
3. Gets along satisfactorily 3. Satisfactory concentration level
4. Exceptionally well accepted 4. Highly satisfactory

COOPERATION ADAPTABILITY TO NFW JOB TASKS
1. r,:nable to determine at this time 1. Cannot adjust to new assignment
2. Generally not cooperative 2. Has difficulty adjusting
3. Generally cooperative 3. Adjusts adequately
4. Exceptionally cooperative 4. Adjusts well to new assignments

COURTESY MOTIVATION IN OCCUPATIONAL AREA
Unable to determine at this time 1. Unable to determine at this time

Z. Poor attitudes, needs improvement 2. Lacks motivation
3 Generally courteous 3. Average interest and application
4. Exceptionally courteous and considerate 4. Highly motivated

DEPENDABILITY ADAPTABILITY
1. Unable to determine at this time 1. Unable to determine at this time2. Needs constant follow-up 2. Has difficulty in adapting3. Generally accepts responsibility 3. Usually accepts change4. Exceptionally reliable 4. Self reliant, imaginative

INITIATIVE DEXTERITY REQUIREMENTS FOR THEI. Unable to determine at this time OCCUPATION
2. Never initiates action 1. Unable to determine at this time3. Seldom needs prodding 2. Prognosis for success is poor4. Exceptionally good "self starter" 3. Is well suited. Shows potential

4. Highly suited to needs of occupationJUDGMENT
1. Unable to determine at this time CRAFTSMANSHIP AND SKILLS2. Often uses poor judgment 1. Unable to determine at this time3 Usually makes the right decision 2. Substandard work4. Above average in making decisions 3. Average performance

4. High standards of perforrn ceSELF CONTROL
1. Unable to determine at this time EFFICIENCY AND PRODUCTION2. Tends to be excitable 1. Unable to determine at this time3. 1t7e11 balanced 2. Often wastes time and effort4. Exc-::ptionally well balanced 3. Makes effort to work effectively

4. A steady and productive worker

65



SAFETY
1. Unable to determine at this time
2. Lacks genuine concern for safety
3. Satisfactory practice of safety
4. High regard for safety requirements

WRITTEN PERFORMANCE
I. Unable to determine at this time
2. Work is selforn good
3. Work is generally good
4. Work is consistently good

T,-.)1.,ERANCE

1. Cannot tolerate many obstacles
Has difficulty with obstacles
Generally sticks to job

4. Sticks to job in face of obstacles

CONSISTENCY OF WORK BEHAVIOR
Very unstable work behavior

2. Generally more erratic than not
3. Showed moderately steady work behavior
4. Showed steady work behavior



TUITION SCHOLARSHIP

Greenville Technical College is proud to offer tuition scholar-

ships in each of the Articulation Grant programs: Machine Tool Tech-

nology, Industrial Electricity, and Engineering Graphics Technology.

These scholarships were suggested at an Articulation Grant Advisory

Committee meeting and hardily approved by the Greenville Technicsl

College administration. It is hoped their inception will stimulate

intirest in continuing quality education and training in these fields.

T" Donaldson, Enoree, and Foothills Vocational Centers will

each select their most outetanding and/or worthy student in their

drafting, electricity, and machine shop programs. Wade Hampton High

School will select a student from their electricity Program. The

three scholarship students from each center will receive one quarter

of tuition free study at Greenville Technical College. After their

first quarter, each student may receive an extension for another

qual,- based upon review and approval by his or her instructors and

department head.

After the selection of the students by their instructors, the

director or principal of each school should send a (....-dpy of all the

names to the heads of the Industrial and Technical Divisionr Mr. J.D.

Warren and Mr. Les Caraway. This is necessary to insure the tuition

waiver be available when the student begins.

6 7
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GUIDANCE INFORMATION FORM

This form was designed to supply feedback to guidance counselors,

instructors, and administrators. It will be sent by the Greenville

Technical College department involved to the vocational center each

time there is a horizontal line of asterisks. The information on the

form will supply data to evaluate our effectiveness and suggest

continuation or change in our procedures.

IT IS EXTEMELY IMPORTANT THAT THE STUDENT OR HIS/HER PARENT IF THE

STUDENT IS UNDER 18 SIGNS THE PERMISSION BLANK ON THE SIDE OF THE FORM.

IT WOULD BE ILLEGAL TO DISEMINATE THIS INFORMATION FROM GREENVILLE

TECHNICAL COLLEGE WITHOUT THE PROPER SIGNATURE.

6 8

11



ENGINEERING GRAPHICS *

ARTICULATION STUDENT'S PROGRESS
*
* bitY,

Your student, from
*

Vocational Center has exempted EGT , , and mar

*

(conditionally, uncouditionally) enroll in EGT (quarter )
*

This placement was based on
* 8,

portfolio
* 1

employability profile filled out by
.t

vocational instructor's reco
*

mmendation co
*

* W m
O 43

Date of evaluation S
*

* g
,* w H

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * H
*

The student at mid-term has been re-evaluated and is x. PI4

progressing satisfactorily
91-

moved back to level of competence (may be Mole to finish
*

quarter's work, my have to take Incomplete) 6-#

* M

cn
* M

Student's signature Instructor's sLgnature

z
Date

*

*
1-1

* * * * A * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 1* * * *
* 2

The student at the end of the first quarter of work
*successfully completed EGT (grade ) on (date).

received an incomplete
*
*

dropped out before the end of the quarter *
because of ci.

1.4

0

Z
*
* W* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * W

§*
*
*

Student's status at the end of the first year of work - *

E
* 0
* A
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ARTICULATED DRAFTING UNITS

FIRST QUARTER

1. Instrument Drawing (One View)

2. Lettering

3. Geometric Construction

4. Sketching and Shape Description

5 Dimensioning

6. Reproduction and Control of Drawing

7. Multiview Projection

SECOND QUARTER

8. Section Views

9. Auxiliary Wew.l..

10. Revolutions

11. Screw Threads and Fasteners

12. Isometric Drawings

13. Oblique Dret...ings

14. Intersections and Developments

THIRD QUARTER

15. Shop Vrocesses

16. Worag Drawings
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o
n
 
s
y
s
t
e
m
.

6
.
2

D
e
m
o
n
s
t
r
a
t
e
 
t
h
e
 
a
b
i
l
i
t
y
 
t
o
 
m
a
k
e
 
a

d
i
a
z
o
 
p
r
i
n
t
 
f
r
o
m
 
a
 
t
r
a
c
i
n
g
.

6
.
3

D
e
m
o
n
s
t
r
a
t
e
 
a
n
 
u
n
d
e
r
s
t
a
n
d
i
n
g
 
o
f

t
h
e
 
p
r
e
p
a
r
a
t
i
o
n
 
a
n
d
 
u
s
e
 
o
f
 
b
r
o
w
n
-

l
i
n
e
 
d
r
a
w
i
n
g
s
.

P
r
o
b
l
e
m
s
 
w
i
l
l
 
b
e
 
g
i
v
e
n
 
w
h
i
c
h
 
s
h
o
w

u
n
d
i
m
e
n
s
i
o
n
e
d
 
v
i
e
w
s
 
o
f
 
a
 
p
a
r
t
.

T
h
e

s
t
u
d
e
n
t
 
w
i
l
l
 
m
e
a
s
u
r
e
 
t
h
e
 
s
h
a
p
e
 
a
n
d
 
p
l
a
c

t
h
e
 
d
i
m
e
n
s
i
o
n
s
 
o
n
 
t
h
e
 
v
i
e
w
.

C
R
I
T
E
R
I
A

T
o
 
t
h
e
 
s
a
t
i
s
f
a
c
t
i
o
n
 
o
f
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
.

S
a
m
e
 
a
s
 
a
b
o
v
e
,
 
e
x
c
e
p
t
 
t
h
a
t
 
s
o
m
e
 
a
d
d
i
-

T
h
e
 
s
a
m
e
 
a
s
 
a
b
o
v
e
.

t
i
o
n
a
l
 
i
n
f
o
r
m
a
t
i
o
n
 
m
a
y
 
b
e
 
p
a
r
t
i
a
l
l
y

g
i
v
e
n
 
i
.
e
.
,
 
t
h
r
e
a
d
 
c
l
a
s
s
.

B
o
t
h
 
t
e
x
t
b
o
o
k
 
p
r
o
b
l
e
m
s
 
a
n
d
 
l
a
y
o
u
t
 
d
r
a
w
-

i
n
g
s
 
w
i
l
l
 
b
e
 
u
s
e
d
.

T
h
e
 
s
t
u
d
e
n
t
 
m
u
s
t

p
r
e
p
a
r
e
 
t
h
e
 
d
r
a
w
i
n
g
s
 
a
n
d
 
d
i
m
e
n
s
i
o
n
 
t
h
e
m

u
s
i
n
g
 
d
r
a
f
t
i
n
g
 
i
n
s
t
r
u
m
e
n
t
s
.

H
e
 
w
i
l
l
 
p
r
o
v
i
d
e
 
d
r
a
w
i
n
g
 
a
n
d
/
o
r
 
p
a
r
t

n
u
m
b
e
r
 
i
d
e
n
t
i
f
i
c
a
t
i
o
n
 
f
o
r
 
a
 
s
e
t
 
o
f

d
e
t
a
i
l
 
a
n
d
 
a
s
s
y
 
d
r
a
w
i
n
g
s
 
(
S
e
e
 
P
a
r
a
 
5
.
2

&
 
5
.
3
)
.

G
i
v
e
n
 
a
 
t
r
a
c
i
n
g
,
 
h
e
 
w
i
l
l
 
p
r
o
p
e
r
l
y
 
a
n
d

s
a
f
e
l
y
 
o
p
e
r
a
t
e
 
a
 
d
i
a
z
o
 
p
r
i
n
t
 
m
a
c
h
i
n
e
.

H
e
 
w
i
l
l
 
p
r
e
p
a
r
e
 
a
 
b
r
o
w
n
l
i
n
e
 
o
f
 
a
 
t
r
a
c
i
n

u
s
i
n
g
 
s
i
m
i
l
a
r
 
t
e
c
h
n
i
q
u
e
 
a
s
 
6
.
2
 
a
b
o
v
e
.

T
o
 
t
h
e
 
s
a
t
i
s
f
a
c
t
i
o
n
 
o
f
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
:

A
N
S
I
 
Y
1
4
 
w
i
l
l
 
s
e
r
v
e
 
a
s
 
a
 
s
t
a
n
d
a
r
d
 
f
o
r

d
i
m
e
n
s
i
o
n
i
n
g
 
p
r
a
c
t
i
c
e
s
.

(
E
m
p
h
a
s
i
s

w
i
l
l
 
b
e
 
p
l
a
c
e
d
 
o
n
 
l
i
n
e
w
o
r
k
,
 
l
e
t
t
e
r
i
n
g
,

p
r
o
p
e
r
 
p
l
a
c
e
m
e
n
t
 
o
f
 
d
i
m
e
n
s
i
o
n
s
,
 
a
n
d

c
h
o
i
c
e
 
o
f
 
o
p
t
i
m
u
m
 
m
e
t
h
o
d
 
o
f
 
d
i
m
e
n
s
i
o
n
-

i
n
g
.
)

D
r
a
w
i
n
g
 
n
u
m
b
e
r
s
 
m
u
s
t
 
b
e
 
c
h
o
s
e
l
,
 
s
o
 
a
s
 
t

a
v
o
i
d
 
d
u
p
k
i
c
a
t
i
o
n
,
 
t
o
 
t
h
e
 
s
a
t
i
s
f
a
c
t
i
o
r
.

I

o
f
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
.

T
o
 
i
n
s
t
r
u
c
t
o
r
'
s
 
s
a
t
i
s
f
a
c
t
i
o
n
 
u
s
i
n
g

b
o
t
h
 
v
e
l
l
u
m
 
a
n
d
 
p
o
l
y
e
s
t
e
r
 
b
a
s
e
 
d
r
a
w
i
n
g
s

D
i
t
t
o
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.
0

M
U
l
t
i
v
i
e
w
 
P
r
o
j
e
c
t
i
o
n
s

7
.
1

M
a
k
e
 
3
 
v
i
e
w
 
s
k
e
t
c
h
e
s
.

7
.
2

D
o
 
t
h
e
 
a
s
s
i
g
n
e
d
 
M
i
s
s
i
n
g
 
V
i
e
w

P
r
o
b
l
e
m
s
.

7
.
3

D
o
 
t
h
e
 
a
s
s
i
g
n
e
d
 
M
i
s
s
i
n
g
 
L
i
n
e

P
r
o
b
l
e
m
s
.

T
o
 
b
e
 
m
a
d
e
 
o
n
 
8
 
1
/
2
 
X
 
1
1

c
r
o
s
s
 
s
e
c
t
i
o
n

p
a
p
e
r
 
f
r
o
m
 
I
s
o
m
e
t
r
i
c
 
S
k
e
t
c
h
i
n
g
 
P
r
o
b
l
e
m
s

o
n
 
h
a
n
d
o
u
t
s
 
o
r
 
t
h
e
 
o
n
e
s
 
i
n
 
t
h
e
 
t
e
x
t
-

b
o
o
k
.

A
l
l
 
t
h
r
e
e
 
p
r
i
n
c
i
p
a
l
 
v
i
e
w
s
 
m
u
s
t
 
b
e
 
i
n

t
h
e
i
r
 
p
r
o
p
e
r
 
p
o
s
i
t
i
o
n
s
 
a
n
d
 
s
k
e
t
c
h
i
n
g

m
u
s
t
 
b
e
 
t
o
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
s
'
 
s
a
t
i
s
f
a
c
-

t
i
o
n

G
i
v
e
n
:

2
 
o
r
t
h
o
g
r
a
p
h
i
c
 
v
i
e
w
s
 
t
o
 
c
o
p
y

S
a
m
e
 
a
s
 
a
b
o
v
e
.

o
n
 
c
r
o
s
s
 
s
e
c
t
i
o
n
 
p
a
p
e
r
 
a
n
d
 
t
h
e
 
t
h
i
r
d

v
i
e
w
.

G
i
v
e
n
:

3
 
o
r
t
h
o
g
r
a
p
h
i
c
 
v
i
e
w
s
 
w
i
t
h
 
l
i
n
e
s
i
 
A
l
l
 
l
i
n
e
s

m
u
s
t
 
b
e
 
s
h
o
w
n
.

m
i
s
s
i
n
g
-
-
L
i
n
e
s
 
t
o
 
b
e
 
s
k
e
t
c
h
e
d
 
i
n
.

M
a
y

b
e
 
e
i
t
h
e
r
 
o
n
 
a
 
h
a
n
d
o
u
t
 
s
h
e
e
t

o
r

p
r
o
b
l
e
m
s
 
i
n
 
t
h
e
 
t
e
x
t
b
o
o
k
.
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8
.
0

S
e
c
t
i
o
n
 
V
i
e
w
s

8
.
1

D
e
m
o
n
s
t
r
a
t
e
 
a
 
p
r
o
f
i
c
i
e
n
c
y
 
i
n
 
t
h
e

c
o
r
r
e
c
t
 
t
e
r
m
i
n
o
l
o
g
y
 
r
e
l
a
t
i
n
g
 
t
o

s
e
c
t
i
o
n
 
v
i
e
w
s
.

8
.
2

M
a
k
e
 
s
e
c
t
i
o
n
 
d
r
a
w
i
n
g
s
 
o
f
 
c
y
l
i
n
-

d
r
i
c
a
l
 
s
h
a
p
e
d
 
o
b
j
e
c
t
s
.

8
.
3

M
a
k
e
 
s
e
c
t
i
o
n
 
d
r
a
w
i
n
g
s
 
o
f
 
i
r
r
e
g
u
l

s
h
a
p
e
d
 
o
b
j
e
c
t
s
.

8
.
4

M
a
k
e
 
s
e
c
t
i
o
n
 
d
r
a
w
i
n
g
s
 
s
h
o
w
i
n
g

r
e
v
o
l
v
e
d
 
s
e
c
t
i
o
n
s
 
a
n
d
 
b
r
o
k
e
n
-

o
u
t
 
s
e
c
t
i
o
n
s
.

W
r
i
t
t
e
n

A
p
p
l
y
 
g
o
o
d
 
s
t
a
n
d
a
r
d
 
s
e
c
t
i
o
n
i
n
g
 
p
r
i
n
-

c
i
p
l
e
s
 
t
o
 
s
i
m
p
l
e
 
c
y
l
i
n
d
r
i
c
a
l
 
s
h
a
p
e
d

o
b
j
e
c
t
s
.

D
r
a
w
i
n
g
s
 
w
i
l
l
 
c
o
n
s
i
s
t
 
o
f

o
n
e
 
c
i
r
c
u
l
a
r
 
v
i
e
w
 
a
n
d
 
a
 
f
u
l
l
 
o
r
 
h
a
l
f

s
e
c
t
i
o
n
 
a
s
 
a
s
s
i
g
n
e
d
 
b
y
 
i
n
s
t
r
u
c
t
o
r
.

S
a
m
e
 
c
o
n
d
i
t
i
o
n
s
 
a
s
 
a
b
o
v
e
.

P
r
o
b
l
e
m
s
 
w
i
l
l
 
b
e
 
a
s
s
i
g
n
e
d
 
f
r
o
m
 
t
e
x
t
-

b
o
o
k
 
o
r
 
h
a
n
d
o
u
t
s
.

P
a
s
s
 
a
s
 
a
 
w
r
i
t
t
e
n
 
t
e
s
t
.

P
r
o
b
l
e
m
s
 
w
i
l
l
 
b
e
 
d
r
a
w
n
 
u
n
t
i
l
 
t
h
e
y

s
h
o
w
 
c
l
e
a
r
l
y
 
t
o
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
'
s

s
a
t
i
s
f
a
c
t
i
o
n
 
t
h
a
t
 
t
h
e
 
p
r
i
n
c
i
p
l
e
s
 
o
f

s
e
c
t
i
o
n
i
n
g
 
a
r
e
 
b
e
i
n
g
 
a
p
p
l
i
e
d
 
i
n
 
a

n
e
a
t
 
a
n
d
 
o
r
d
e
r
l
y
 
m
a
n
n
e
r
.

1

P
r
o
b
l
e
m
s
 
w
i
l
l
 
b
e
 
a
s
s
i
g
n
e
d
 
u
n
t
i
l
 
t
h
e
y

a
r
e
 
d
o
n
e
 
t
o
 
i
n
s
t
r
u
c
t
o
r
'
s
 
s
a
t
i
s
f
a
c
t
i
o
n
.

T
o
 
i
n
s
t
r
u
c
t
o
r
'
s
 
s
a
t
i
s
f
a
c
t
i
o
n
.
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9
.
0

A
u
x
i
l
i
a
r
y
 
V
i
e
w
s

9
.
1

D
e
m
o
n
s
t
r
a
t
e
 
a
 
p
r
o
f
i
c
i
e
n
c
y
 
i
n
 
t
h
e

u
s
e
 
o
f
 
c
o
r
r
e
c
t
 
t
e
r
m
i
n
o
l
o
g
y
 
r
e
l
a
t
-

i
n
g
 
t
o
 
a
u
x
i
l
i
a
r
y
 
v
i
e
w
s
.

9
.
2

C
o
n
s
t
r
u
c
t
 
p
r
i
m
a
r
y
 
a
u
x
i
l
i
a
r
y
 
v
i
e
w

o
f
 
o
b
j
e
c
t
s
 
w
i
t
h
 
s
y
m
m
e
t
r
i
c
a
l

p
l
a
n
e
s

I
9
.
3

C
o
n
s
t
r
u
c
t
 
a
u
x
i
l
i
a
r
y
 
v
i
e
w
 
o
f
 
o
b
j
e

t
h
a
t
 
h
a
v
e
 
a
s
y
m
e
t
r
i
c
a
l
 
p
l
a
n
e
s
.

9
.
4

C
o
n
s
t
r
u
c
t
 
a
u
x
i
l
i
a
r
y
 
v
i
e
w
s
 
o
f

o
b
j
e
c
t
s
 
w
i
t
h
 
c
u
r
v
e
d
 
s
u
r
f
a
c
e
s
.

W
r
i
t
t
e
n

P
r
o
b
l
e
m
s
 
s
h
o
w
i
n
g
 
o
r
t
h
o
g
r
a
p
h
i
c
 
v
i
e
w
s
 
o
f

o
b
j
e
c
t
s
 
w
i
l
l
 
b
e
 
g
i
v
e
n
 
f
r
o
m
 
w
h
i
c
h
 
t
h
e

a
u
x
i
l
i
a
r
y
 
v
i
e
w
 
w
i
l
l
 
b
e
 
d
r
a
w
n
.

T
e
x
t
b
o
o
k
 
p
r
o
b
l
e
m
s
 
o
r
 
h
a
n
d
o
u
t
 
s
h
e
e
t
s
 
w
i
l

b
e
 
p
r
o
v
i
d
e
d
.

P
r
o
b
l
e
m
s
 
t
o
 
b
e
 
a
s
s
i
g
n
e
d
.

M
a
k
e
 
a
,
p
a
s
s
i
n
g
 
g
r
a
d
e
 
o
n
 
a
 
w
r
i
t
t
e
n

t
e
s
t

T
o
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
'
:
 
s
a
t
i
s
f
a
c
t
i
o
n
.

T
o
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
'
s
 
s
a
t
i
s
f
a
c
:

S
a
m
e
 
a
s
 
a
b
o
v
e
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1

C
o
n
s
t
r
u
c
t
 
a
 
t
h
r
e
e
 
v
i
e
w
 
d
r
a
w
i
n
g

o
'

a
n
 
o
b
j
e
c
t
 
w
i
t
h
 
a
 
r
e
v
o
l
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t
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n
 
o
f

t
h
e
 
g
i
v
e
n
 
f
r
o
n
t
 
v
i
e
w
 
a
b
o
u
t

a
n

a
x
i
s
 
p
e
r
p
e
n
d
i
c
u
l
a
r
 
t
o
 
t
h
e
 
f
r
o
n
t
a
l

p
l
a
n
e
.

1
0
.
2

S
a
m
e
 
a
s
 
a
b
o
v
e
 
e
x
c
e
p
t
 
r
e
v
o
l
v
e

t
h
e

r
i
g
h
t
 
v
i
e
w
 
a
b
o
u
t
 
a
n
 
a
x
i
s

p
e
r
p
e
n
-

d
i
c
u
l
a
r
 
t
o
 
p
r
o
f
i
l
e
 
p
l
a
n
e
.

1
0
.
3

S
a
m
e
 
a
s
 
a
b
o
v
e
 
w
i
t
h
 
t
o
p
 
v
i
e
w

r
e
v
o
l
v
e
d
 
a
b
o
u
t
 
a
x
i
s
 
p
e
r
p
e
n
d
i
c
u
l
a
r

t
o
 
h
o
r
i
z
o
n
t
a
l
 
p
l
a
n
e
.

1
0
.
4

S
u
c
c
e
s
s
i
v
e
 
r
e
v
o
l
u
t
i
o
n

1
0
.
5

R
e
v
o
l
v
e
 
a
 
p
o
i
n
t
 
a
b
o
u
t

a
 
n
o
r
m
a
l

a
x
i
s
.

1
0
.
6

R
e
v
o
l
v
e
 
a
 
p
o
i
t
 
a
b
o
u
t
 
a
n

i
n
c
l
i
n
e
d
 
a
x
i
s
.

1
0
.
7

R
e
v
o
l
v
e
 
a
 
p
o
i
n
t
 
a
b
o
u
t
 
a
n

o
b
l
i
q
u
e
 
a
x
i
s
.

1
0
.
8

R
e
v
o
l
v
e
 
a
 
l
i
n
e
 
a
b
o
u
t

a
s
 
n
o
r
m
a
l
,

i
n
c
l
i
n
e
d
 
o
r
 
o
b
l
i
q
u
e
 
a
x
i
s
.
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R
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E
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E
C
H
N
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A
L

C
O
L
L
E
G
E

C
O
M
I
T
I
O
N
S

C
R
I
T
E
R
I
A

G
i
v
e
n
 
a
 
3
-
v
i
e
w
 
d
r
a
w
i
n
g
 
a
n
d
 
d
i
r
e
c
t
i
o
n

a
n
d
/
o
r
 
d
e
g
r
e
e
 
o
f
 
r
e
v
o
l
u
t
i
o
n
.

ft

G
i
v
e
n
 
a
x
i
s
,
 
p
o
i
n
t
 
a
n
d
 
d
e
g
r
e
e
s
 
o
f

r
e
v
o
l
u
t
i
o
n
.

11

G
i
v
e
n
 
a
x
i
s
,
 
l
i
n
e
 
a
n
d
 
d
e
g
r
e
e
s

o
r

p
o
s
i
t
i
o
n
 
c
r
i
t
e
r
i
a
 
f
o
r
 
r
e
v
o
l
v
e
d
 
l
i
n
e

1
0
0
%
 
c
o
r
r
e
c
t
 
p
r
o
j
e
c
t
i
o
n
 
m
e
t
h
o
d
s

1
.
0
1

a
c
c
u
r
a
c
y
 
a
n
s
w
e
r
s
 
l
i
n
e
 
q
u
a
l
i
t
y
.

1
.

T
o
 
1
.
0
1
 
a
c
c
u
r
a
c
y

2
.

A
n
s
w
e
r
s
,
 
l
i
n
e
 
q
u
a
l
i
t
y

3
.

A
n
d
 
e
x
a
m
p
l
e

11

1
.

T
o
 
1
.
0
1
 
a
c
c
u
r
a
c
y

2
.

T
o
 
a
n
s
w
e
r
 
s
t
a
n
d
a
r
d
 
o
f
 
l
i
n
e
.

3
.

B
y
 
e
x
a
m
p
l
e

U
s
i
n
g
 
r
e
v
o
l
u
t
i
o
n

a
u
x
i
l
i
a
r

v
i
e

m
e
t
h
o
d
s
 
a
s
 
r
e
q
u
i
r
e
d
.



E
G
T
 
1
2
1

G
R
E
E
N
V
I
L
L
E
 
T
E
C
H
N
I
C
A
L
 
C
O
L
L
E
G
E

C
O
U
l
t
S
E

C
O
N
D
I
T
I
O
N
S

C
R
I
T
E
R
I
A

1
1
.
0

S
c
r
e
w
 
T
h
r
e
a
d
s
 
4
 
F
a
s
t
e
n
e
r
s

1
1
.
1

D
e
m
o
n
s
t
r
a
t
e
 
k
n
o
w
l
e
d
g
e
 
c
o
n
c
e
r
n
i
n
g

W
r
i
t
t
e
n

M
a
k
e
 
a
 
p
a
s
s
i
n
g
 
g
r
a
d
e
 
o
n
 
a
 
w
r
i
t
t
e
n

t
e
r
m
i
n
o
l
o
g
y
 
u
s
e
d
 
w
i
t
h
 
s
c
r
e
w
s
,

b
o
l
t
s
,
 
n
u
t
s
,
 
t
h
r
e
a
d
s
,
 
a
n
d
 
f
a
s
-

t
e
n
e
r
s
.

a
n
d
/
o
r
 
p
e
r
f
o
r
m
a
n
c
e
 
t
e
s
t
.

1
1
.
2

M
a
k
e
 
d
r
a
w
i
n
g
s
 
t
h
a
t
 
s
h
o
w
 
s
i
m
p
l
i
-

f
i
e
d
,
 
S
c
h
e
m
a
t
i
c
 
a
n
d
 
d
e
t
a
i
l
e
d

t
h
r
e
a
d
s
 
c
o
m
p
l
e
t
e
 
w
i
t
h
 
n
o
t
e
s
 
a
n
d

d
i
m
e
n
s
i
o
n
s
.

1
1
.
3

M
a
k
e
 
d
r
a
w
i
n
g
s
 
t
h
a
t
 
s
h
o
w

s
q
u
a
r
e

h
e
a
d
 
a
n
d
 
h
e
x
 
h
e
a
d
 
b
o
l
t
s
 
a
n
d

n
u
t
s

a
s
s
e
m
b
l
e
d
.

C
o
m
p
l
e
t
e
 
w
i
t
h
 
n
o
t
e
s
,

a
n
d
 
d
i
m
e
n
s
i
o
n
s
.

.
.
-
-

P
r
o
b
l
e
m
s
 
a
s
 
a
s
s
i
g
n
e
d
 
b
y
 
i
n
s
t
r
u
c
t
o
r
.

P
r
o
b
l
e
m
s
 
a
s
s
i
g
n
e
d
 
b
y
 
i
n
s
t
r
u
c
t
o
r
.

T
o
 
i
n
s
t
r
u
c
t
o
r
'
s
 
s
a
t
i
s
f
a
c
t
i
o
n
.

T
o
 
i
n
s
t
r
u
c
t
o
r
'
s
 
s
a
t
i
s
f
a
c
t
i
o
n
.



E
G
T
 
1
2
1

C
O
M
S
E

G
R
E
E
N
V
I
L
L
E
 
T
E
C
H
N
I
C
A
L
 
C
O
L
L
E
G
E

1
2
.
0

I
s
o
m
e
t
r
i
c
 
D
r
a
w
i
n
g

1
2
.
1

D
r
a
w
 
a
n
 
i
s
o
m
e
t
r
i
c
 
d
r
a
w
i
n
g
 
o
f

a
c
u
b
e
.

I
G
i
v
e
n
 
c
u
b
e
 
s
i
z
e
 
a
n
d
 
i
n
s
t
r
u
c
t
i
o
n

t
o
 
u
s
e

p
r
i
n
c
i
p
l
e
s
 
o
f
 
i
s
o
m
e
t
r
i
c
 
c
o
n
s
t
r
u
c
t
i
o
n
.

C
I
N
D
I
T
I
O
N
S

C
R
I
T
E
R
I
A

1
2
.
2

D
r
a
w
 
e
l
l
i
p
s
e
 
i
n
 
f
a
c
e
 
o
f
 
c
u
b
e

u
s
i
r
f

t
e
m
p
l
a
t
e
.

1
2
.
3

D
r
a
w
 
e
l
l
i
p
s
e
 
i
n
 
e
a
c
h
 
f
a
c
e
s
o
f
 
c
u
b
e

u
s
i
n
g
 
a
p
p
r
o
x
i
m
a
t
e
 
f
o
u
r
-
c
e
n
t
e
r

e
l
l
i
p
s
e
 
m
e
t
h
o
d
.

1
2
.
4

D
r
a
w
 
a
n
 
i
s
o
m
e
t
r
i
c
 
v
i
e
w
 
o
f
o
b
j
e
c
t

t
h
a
t
 
h
a
s
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e
s

a
n
d

a
n
g
l
e
s
.

1
2
.
5

D
r
a
w
 
a
n
 
i
s
o
m
e
t
r
i
c
 
o
f

a
n
 
o
h
j
e
c
t

t
h
a
t
 
h
a
s
 
a
n
 
i
r
r
e
g
u
l
a
r
 
c
u
r
v
e
d

s
u
r
f
a
c
e
.

1
2
.
6

D
r
a
w
 
a
n
d
 
d
i
m
e
n
s
i
o
n
 
c
o
m
p
l
e
t
e
l
y

a
n

i
s
o
m
e
t
r
i
c
 
v
i
e
w
 
o
f

a
n
 
o
b
j
e
c
t

h
a
v
i
n
g
 
a
n
g
l
e
s
 
a
n
d
 
c
i
r
c
l
e
s
.

G
i
v
e
n
 
c
u
b
e
 
s
i
z
e
 
a
n
d
 
c
i
r
c
l
e

s
i
z
e
.

G
i
v
e
n
 
c
u
b
e
 
s
i
z
e
 
a
n
d
 
c
i
r
c
l
e

s
i
z
e
.

G
i
v
e
n
 
o
b
j
e
c
t
 
i
n
 
3
-
v
i
e
w
,
 
o
b
l
i
q
u
e

o
r

p
h
y
s
i
c
a
l
l
y
.

G
i
v
e
n
 
o
b
j
e
c
t
,
 
3
-
v
i
e
w
 
d
r
a
w
i
r
T

o
r

p
i
c
t
o
r
i
a
l
.

G
i
v
e
n
 
o
b
j
e
c
t
 
o
r
 
p
i
c
t
o
r
i
a
l
 
o
f

o
b
j
e
c
t
.

T
o
 
i
n
s
t
r
u
c
t
o
r
 
l
i
n
e
 
q
u
a
l
i
t
y

a
n
d

a
c
c
u
r
a
c
y
 
s
t
a
n
d
a
r
d
s
 
a
n
s
i
 
l
i
n
e
s
 
a
n
d

+
.
0
1
 
a
c
c
u
r
a
c
y
 
t
o
 
i
s
o
m
e
t
r
i
c

f
o
r
m
.



E
C
T
 
1
2
1

C
O
U
I
R
S
E

G
R
E
E
N
V
I
L
L
E
 
T
E
C
H
N
I
C
A
L
 
C
O
L
L
E
G
E

C
O
N
C
E
P
T
I
P
I
N
P
O
R
I
N
A
N
C
E

-
o
n
g
.
w
.
.
.
.
.
.
.
.
a
.
.
,
.
.

C
O
N
D
I
T
I
 
O
N
S

C
R
I
T
E
R
I
A

1
3
.
0

O
b
l
i
q
u
e
 
D
r
a
w
i
n
g

1
3
.
1

D
r
a
w
 
a
n
 
o
b
l
i
q
u
e
 
v
i
e
w
 
o
f
 
a
 
c
u
b
e

u
s
i
n
g
 
o
b
l
i
q
u
e
 
p
i
c
t
o
r
i
a
l
 
m
e
t
h
o
d
.

G
i
v
e
n
 
s
i
z
e
 
o
f
 
c
u
b
e
 
a
n
d
 
a
n
g
l
e
 
o
f
 
s
i
g
h
t
,

p
e
r
c
e
n
t
 
o
f
 
d
e
p
t
h
 
p
r
o
t
e
c
t
i
o
n
 
a
n
d
 
v
i
e
w
i
n
g

d
i
r
e
c
t
i
o
n
 
(
c
a
b
i
n
e
t
,
 
c
a
v
a
l
i
e
r
,
 
e
t
c
.
)

A
n
s
i
 
l
i
n
e
 
q
u
a
l
i
t
y
 
+
.
0
1
 
a
c
c
u
r
a
c
y

_
t
o
 
o
b
l
i
q
u
e
 
f
o
r
m
.

1
3
.
2

D
r
a
w
 
o
b
l
i
q
u
e
 
v
i
e
w
 
o
f
 
o
b
j
e
c
t

h
a
v
i
n
g
 
a
n
g
l
e
s
 
a
n
d
 
i
n
c
l
i
n
e
d

s
u
r
f
a
c
e
s
.

G
i
v
e
n
 
o
b
j
e
c
t
,
 
3
-
v
i
e
w
 
o
f
 
o
b
j
e
c
t
 
o
r

p
i
c
t
o
r
i
a
l
 
o
f
 
o
b
j
e
c
t
.

u

1
3
.
3

D
r
a
w
 
o
b
l
i
q
u
e
 
v
i
e
w
 
o
f
 
o
b
j
e
c
t

h
a
v
i
n
g
 
c
i
r
c
u
l
a
r
 
p
l
a
n
e
s
 
o
r

,
f
e
a
t
u
r
e
s
.

1
4
.
0

I
n
t
e
r
s
e
c
t
i
o
n
 
a
n
d
 
D
e
v
e
l
o
p
m
e
n
t
s

u
t
i

1
4
.
1

C
o
n
s
t
r
u
c
t
 
p
r
i
s
m
s
 
a
n
d
 
c
y
l
i
n
d
e
r
s

b
y
 
p
a
r
a
l
l
e
l
 
l
i
n
e
 
d
e
v
e
l
o
p
m
e
n
t
,

A
s
s
i
g
n
e
d
 
p
r
o
b
l
e
m
s
 
t
o
 
b
e
 
d
o
n
e
 
o
n
 
t
h
e

d
r
a
f
t
i
n
g
 
b
o
a
r
d
 
u
s
i
n
g
 
s
t
a
n
d
a
r
d
 
d
r
a
f
t
i
n
g

t
e
c
h
n
i
q
u
e
s
.

T
o
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
s
'
 
s
a
t
i
s
f
a
c
t
i
o
n

1
4
.
2

C
o
n
s
t
r
u
c
t
 
p
y
r
a
m
i
d
s
 
a
n
d
 
c
o
n
e
s
 
b
y

A
s
s
i
g
n
e
d
 
p
r
o
b
l
e
m
s
 
t
o
 
b
e
 
d
o
n
e
 
o
n
 
t
h
e

W
h
e
n
 
c
u
t
 
o
u
t
 
a
n
d
 
f
o
l
d
e
d
 
o
r
 
r
o
l
l
e
d
 
t
h
e
y

r
a
d
i
a
l
 
l
i
n
e
 
d
e
v
e
l
o
p
m
e
n
t
s
,

d
r
a
f
t
i
n
g
 
b
o
a
r
d
 
u
s
i
n
g
 
s
t
a
n
d
a
r
d
 
d
r
a
f
t
i
n
g

t
e
c
h
n
i
q
u
e
s
.

m
u
s
t
 
f
o
r
m
 
i
n
t
o
 
t
h
e
 
i
n
t
e
n
d
e
d
 
s
h
a
p
e
.

1
4
.
3

C
o
n
s
t
r
u
c
t
 
t
r
a
n
s
i
t
i
o
n
 
p
i
e
c
e
s
 
b
y

t
r
i
a
n
g
u
l
a
t
i
o
n
,

S
a
m
e
 
a
s
 
a
b
o
v
e
.

P
i
e
c
e
s
 
m
u
s
t
 
j
o
i
n
 
t
o
g
e
t
h
e
r
 
t
o
 
f
o
r
m
 
t
h
e

i
n
t
e
n
d
e
d
 
s
h
a
p
e
 
w
h
e
n
 
c
u
t
 
o
u
t
,
 
r
o
l
l
e
d
,

f
o
l
d
e
d
 
a
n
d
 
s
t
u
c
k
 
t
o
g
e
t
h
e
r
.



E
G
T
 
1
3
1

C
a
b
i
t
S
E

G
R
E
E
N
V
I
L
L
E
 
T
E
C
H
N
I
C
A
L

C
O
L
L
E
G
E

C
O
N
C
E
P
T
 
/
1
1
1
1
1
M
I
I
H
N
I
C
E

C
C
M
D
I
T
I
O
N
S

1
5
.
0

S
h
o
p
 
P
r
o
c
e
s
s
e
s

1
5
.
1

M
a
k
e
 
w
o
r
k
i
n
g
 
d
r
a
w
i
n
g
s
 
o
f

m
a
c
h
i
n
e

p
a
r
t
s

1
5
.
2

M
a
k
e
 
w
o
r
k
i
n
g
 
d
r
a
w
i
n
g
s
 
o
f

f
a
b
r
i
-

c
a
t
e
d
 
p
a
r
t
s

1
5
.
3

T
a
k
e
 
a
 
t
e
s
t
 
o
n
 
t
e
r
m
i
n
o
l
o
g
y

r
e
l
a
t
i
n
g
 
t
o
 
c
h
o
p

p
r
o
c
e
s
s
e
s

L
N

:

C
R
I
T
E
R
I
A

P
a
r
t
s
 
a
r
e
 
t
o
 
b
e
 
m
a
c
h
i
n
e
d

f
r
o
m
 
c
a
s
t
i
n
g
s
.

T
o
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
s
'
 
s
a
t
i
s
f
a
c
t
i
o
n

C
o
r
r
e
c
t
 
t
e
r
m
i
n
o
l
o
g
y
 
m
u
s
t
 
b
e

s
h
o
w
n
 
i
n
 
t
h

n
o
t
e
s
 
a
n
d
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
.

P
a
r
t
s
 
a
r
e
 
t
o
 
b
e
 
s
h
o
w
n

a
s
s
e
m
b
l
e
d
 
b
y

w
e
l
d
i
n
g
.

W
r
i
t
t
e
n
 
t
e
s
t
 
t
o

c
o
v
e
r
 
t
e
r
n
s
,
 
n
o
t
e
s
,

m
a
c
h
i
n
e
 
t
o
o
l
s
,
 
m
a
n
u
f
a
c
t
u
r
i
n
g

p
r
o
c
e
s
s
e
s
,

d
i
m
e
n
s
i
o
n
i
n
g
,
 
t
e
c
h
n
i
q
u
e
s
 
a
n
d

a
p
p
l
i
c
a
-

t
i
o
n
s
,
 
e
t
c
.

T
o
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
s
'
 
s
a
t
i
s
f
a
c
t
i
o
n

8
5
%



C
O
k
s
i
t
s
t

-
,
o
x
t
u
n
e
.
.
.
r
a
m
M
M
l
i
m
i
n

w
o
r
Y
i
n

.
,
)
r
a
w
i
n
g
s

1
D
e
m
o
n
s
t
r
a
t
e
s
 
a
n
 
u
n
d
e
r
s
t
a
n
d
i
n
g

a
 
d
e
t
a
i
l
 
p
a
r
t
 
.
1
1
-
a
w
i
n
g

2
D
e
m
o
n
s
t
r
a
t
e
 
a
n
 
u
n
d
e
r
s
t
a
n
d
i
n
g
 
o
f

a
s
s
e
m
b
l
y
 
d
r
a
w
i
n
g
s
 
a
n
d
 
t
h
e

r
e
l
a
-

t
i
o
n
s
h
p
 
t
h
a
t
 
d
e
t
a
i
l
 
a
n
d
 
a
s
s
e
m
b
l
y

d
r
a
,
.
:
i
n
g
s
 
h
a
v
e
 
t
o
 
e
a
c
h
 
o
t
h
e
r
.

1
6
.
3

A
d
v
a
n
c
e
d
 
s
t
u
d
e
n
t
 
w
o
r
k

D
e
m
o
n
s
t
r
a
t
e
 
a
n
 
u
n
d
e
r
s
t
a
n
d
i
n
g
 
o
f

t
h
e
 
r
e
s
p
o
n
s
i
b
i
l
i
t
i
e
s
 
o
f

a
 
l
a
y
o
u
t

d
r
a
f
t
s
m
a
n
.

C
R
I
T
E
R
I
A

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l

u
r
e
r
a
r
e
 
p
a
r
t
 
I
r
a
w
i
r
.
"
.
4
s

f
r
o
m
 
p
r
o
b
l
e
m
s
 
a
s
s
i
n
e
d
 
b
 
t
h
e

i
n
s
t
r
u
c
t
o

l
'
a
c
h
 
d
r
a
w
i
n
g
 
m
u
s
t
 
i
n
c
l
u
d
e
 
a
l
l

i
n
f
o
r
m
a

t
i
o
n
 
n
e
c
e
s
s
a
r
y
 
t
o
 
p
r
o
p
e
r
l
y
 
f
a
b
r
i
c
a
t
e

t
h
e
 
p
a
r
t
s
 
t
o
 
t
h
e
 
s
a
t
i
s
f
a
c
t
i
o
n
 
o
f

t
h
e

i
n
s
t
r
u
c
t
o
r
.

i
P
r
o
b
l
e
m
s
 
w
i
l
l
 
b
e
 
g
i
v
e
n
 
i
n
 
e
i
t
h
e
r
 
o
f

t
w
o

T
h
e
 
s
t
u
d
e
n
t
 
m
u
s
t
 
d
e
t
e
r
m
i
n
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OVERVIEW

The vocational school graduate will have the opportunity to

exempt some of the Industrial Electricity

Technical College that are repetitious of

studies. The student may exempt a course

courses at Greenville

his vocational school

after attaining an

acceptable proficiency level oa the appropriate placement test. Each

placement test may be taken once a quarter with a limit of om: retake

during another quarter.

The course objectives that are covered in each placement test

will be given to each vocational electricity instructor. They are

also available for inspection at GTEC's Industrial Electricity

department.

The ii pl&cent fol exempLions will beg!.n during the

regular registlatloa dayr .:xst before fall quarter. They will con-

tim:a to he offered. during each pre.-rag:,2.tret...on time in a testing

center at Greewille Cqllege. Mr. J.D. Warren, Industrial

DiN,..sion. Chairman, c. the -aiquetrill Electricity department may be

contacv,a0 for de...ails.

Specifically, tUe follnwing courses ill be considered for

exemption v..sia ccaplctla7. t%e placement

Coarse Ti-lm

Applied

Resident:1e.i actricity-Codes and
Ordinances-A

Residential 1lLr.Aricity-Codes aud
Ordinencec-B

DC Electricity
AC Electricity.

AC Machines and Device.;
Electrical Control Circuls

Electrical Math /
Electri,cal Math II

8 7
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test:

Goura 2.1gaber

UM 101

EEM 345

EEM 346
EEM 113
EEM 123
EEM 127
REM 136

MAT 115
MArn 126



PROPOSED FLOW CHART OF AR ionicrioN STUDENTS EEM

STUDENT

.decide to go to GTEC

.speak with vocational instructor

, PLACEMENT TESTS

AlirOXSIONS

.fill out application

.gain acceptance

.pay reservation fee

!PLACEMENT TESTS 4

IGTEC COUNSELOR

.provide orientation

.explain and begin registration
procedures

:PLACEMENT TESTS (last chance)

EDI DEPARTMENT

.build schedule from placement
test results

..,111DENT

.go to computer center

.pay fees at business officc

.attend class

4.
RE-EVALUATION

.five weeks into guar

.student advised as

QUARTER COMPLETED

VOCATIONAL INSTRUCTOR

students decide which
!cment tests to take

PLACEMENT TESTS

.call GTEC for time and place
dctaila
. take placement tests
. get results from EEM Dept.

VOCATIONAL COUNSELOR

.ia notified by EEM of place-
ment test results

VOCATIONAL INSTRUCTOR

.is notified by voc, coml. of
placement test results

VOCATIONAL COUNSELOR

.is notifi.A as tc student's
progress by EEM

VOCATIONAL INSTRUCTOR

.is notified as to student's
progress by voc. coun.



TUITION SCHOLARSHIP

Greenville Technical College is proud to offer tuition scholar-

ships in each of the Articulation ;rant prigrams: Machine Tool Tech-

nology, IndLstrial Electricity, and Engineering Graphics Technology.

These scholarships were suggested at an Articulation Grant Advisory

Committee meeting and hardily approved by the Greenville Technical

College administration. It is hoped their inception will stimulate

interest in continuing quality education and training in these fields.

The Doneldson, Enoree, am.: Foothills Vocational Centers will

each select t air most outstanding and/or worthy student in their

drafting, electricity, and machine shop programs. Wade Hampton High

School will select a student from their electricity program. The

three scholarship students from each center will receive one quarter

of tuition free study at Greenville Technical College. After their

first quarter, each student may receive an extenrion for another

quarter based upon review and approval by his c>,, Aer LO4 mctors and

department head.

After the selection of the students by Istructct.i.

director or principal of d.;a:.1. r.oi ellould send a cvpy of all th,

WAWA to the heads of the Iry.111 Technical Divisions, Mr. J.D.

Warren and Mr- Lee Carawaf. I:,Ls is necessary to insure the tu4.tion

waiver be evrAlable when the student begins.

8 9
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PLACEMENT TESTS

Course objectives for each course offnring a placement test are

in this booklet and on file in the Industrial Electricity department

at Greenville Technical College. Each vocational instructor may

review these objectives and advise his students as to which placement

tests would be most appropriate to take.

The placement tests will be offered at Greenville Technical College

during the registration days immediately preceding each quarter. They

will begin just before fall quarter, 1976, and be offered each quarter

thereafter.

It is the -tudent's responsibility to find out th t. location of the

testing center and schedule him/herself so that all the desired place-

ment tests may be taken in the time the center is open. The Industrial

Electricity department and Mr. J.D. Warren, Industrial Division Chair-

man, may be called for details. It is planned that the guidance

counselors at TEC will also know specific details.

Tentative schedules for registration (and therefore the placement

tests) for the next year are as follo,ls:

Pall, 1976 - Sept. 1,2,3 Lnter, 1976 - Nov. 29,30

Spring, 1977 March 1,2 Summer, 1977 - May 24,25

It is hoped that through the urging of the vocational instructorn that

etach vocational studcnt will take full advantage of these plpeement

tests.

9 0
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GUIDANCE INFORMATION FORM

This form was designed to supply feedback to guidance counselors,

instructors, and adminietrators. It will be sent by the Greenville

Technical College department involved to the vocational center each

time there is a horizontal line of asterisks. The information on the

form will supply data to evaluate our effectiveness and suggest

r....mtinuation or change in our procedures.

+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +

IT IS EXTEMELY IMPORTANT THAT THE STUDENT OR HIS/HER rA.),ENT IF THE

STUDENT IS UNDER'18 SIGNS THE PERMISSION BLANK ON THE SIDE OF THE FORM.

IT WOULD BE ILLEGAL TO DISEMINATE THIS INFORMATION FROM GREENVILLE

TECHNTrAL COLLEGE WITHOUT THE PROPER SIGNATURE.



INDUSTRIAL ELECTRICITY

ARTICULATION STUDENT'S PROGRESS

Your student, , from

Vocational Center has exempted the following courses:

REM , MAT

The student will be enrolling in the following EEM courses next quer-

tar: . liALsaurt=

This placement was baaed on
_placement test score(s)
vocational instructor's recommendation
interview requested by and conducted by *

The student
readily accepted placement
requested a lower placement, outcome
requested a higher placement, outcome

*
Date exemption(s) granted * M

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The student at mid-term has been re-evaluated and is
progrJssing satisfactorily
not progressing satisfactorily

Student s signature Instructor's signature

i-4
Date *

* R* * * * * * -;- * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 44 R
* 4 M
*

gin, student at the end of the first quarter of work *
msuccessfully completed the following courses in EOM/ MAT 41 CC

EDI (grade ) EEM (grade ) * R
EEM (grade ) EEH (grade ) Y zo r-91

MAT (grade ) m
received an incomplete * m

tdropped out before the end of the quarter

* * * * * * * * * * * * * * * * i. * * * * * * * * * * * * * * ft * * * * * * * * * * *it 114 rErl

.0c tn.

Student's status lt the end of the first year of work - * a
* o..4 8

C., W

1-4 tO A*



- Residential Wiiui lPart - ereenvIlle Te,1inical College

C C 11 P / P I 12 I' R 'I A N C 11

_

Concept 1.0 Special Purpose Outlets

1.1 Given a blueprint, recognize special-
purpose outlet designations.

1.2 Given nameplate reading, or specs, or
equipment, calculate the load to be
connected to a special outlet and use
configuration chart for selection of
outlet.

1.3 Illustrate the proper grounding con-
ntctions when using armored cable
and nonmetallic-sheathed cable.

--------
1.4 Illustrate the proper connections to

insure grounding continuity between
;t grounded outlet box and the ground-
ing circuit of the receptacle.

Concept ..() Spec 11 Purpose Outlets for
3 Water Pump and Heater

2.1 List the basic requirements for
motor to he used on Ceep-well jet
pump.

Given the rating of . motor, cal
late the conductor size and over-
current protection required for the
pump circuit.

2.7) List the basic steps in various
dater heating methods which can be
used.

2.4 Describe the operation of the water
heating system, including the func-
tions of the tank, the heating ele-
ments, and the thermostats.

2.5 Illustrate the proper grounding
connections for the water heater.

Concept 3.0 Special Purpose Outlets for
Dryers and Over Garage Door
Openers

3.1 Illustrate the proper wiring and
grounding connections for large
appliances based on the type of
wiring method to be used.

3.2 List the requirements for using
service entrance cable to connect
large appliances.

(Sometimes) Covered or Not Covered?
sc. c21- NC

When is it covei---eali-1, 1-2 2-11_2-2
. _

'
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EEM 346 Residential Wiring (Part - Greenville Technical College

CONCEPT/ PERFORMANCE

3.3 Illustrate the proper connections
involved in remote control switching
such as in an overh0,0 garage door
opener based on manufacturer's in-
stallation recommendations.

3.4 Given Code tables, select the proper
overcurrent protective device based
on the amperage rating of the device.

Concept 4.0 Special Purpose Outlets for
'Kitchen Appliances

4.1 Interpret electrical plans and con-
struction blueprints to determine
any special installation requirements
for electrical appliances.

4.2 Given NEC table 310/16-19 and notes
and based on the ratings of appli-
ances, select proper conductor
sizeI for wiring installation.

4.3 Illustrate how to ground all appli-
ances properly regardless of the
wiring method used.

4.4 Illustrate proper wiring of 7-heat
control and 3-heat control for a
dual element cooking unit-heating
Init. (phasing out)

4,5 List the advantages of infinite
over 7- and 3-heat control.

4.6 Illustrate the 3 options in the
installation of various types of
stove and oven units: group circuit,
single circuit, and load center.

(-,ncept r).0 Telephone, Television, and
Signal Systems

S1 Descrio the proper precautions to
prevent line voltage interference
with television signals.

S.2 Given specifications, describe the
installation of outlet boxes, out-
lets, and provide cable or conduit
to which the telephone installer
will make final conne7tions.

5.3 Define what is meant by signal
circuit.

(Sometimes) Covered or Not Co\ereld
SC, C, or NC

When is it covered? 1-1, 1-2, 2-,. 2-2



Er.! 346 Residential Wiring (Part - r;rvenvi.';' lechnical Cullege

(Sometimes) Covered or Not Covered?C 0 C P / I, RMIN (: C, or NC
When is it cii-vcre-P 1=1, 1-2, 2-1,

S.1 Describe the operation of a two-
tone chime and a four-tone chime
with one or more extension chimes.

.

Concept 6.0 Heating Systems

6.1 List the advantages of electric
heat

6.2 Describe the several types of elec-
tric heating systems.

6.3 Describe the variuos thermostat
control systems for electric heat-
ing units.

6.4 Describe the installation of
electric heaters with appropriate
tenperatore controls according to
NEC requirements.

6.5 Interpret typical schematics pro-
vided by heating system control
manufacturers.

6.6 Describe the functions of the con-
trol devices provided in a typical
system.

6.7 Explain the principle of the
thermopile and the thermocouple.

6.8 Compare and contrast the electrical
requirements for the following
heating systems: oil, gas fire -
water gravity, gas fire - self-con-
tained,

Concept 7.0 Service Entrances, Equipment, '

and Calculations

7.1 Define these terms: electrical sur-
vice, overhead serv'., service
drop, and undergi'out! service.

.2 Describe the installation of a
mast-type overhead service and an
underground service.

7.3 Discuss the NEC requirements for
disconnecting the electrical ser-
vice by means of a main panel and
load centers.

9 5



1TH 146 Residential wIrine, ( t'art R) - 1:renville Technical College

C 111,0ft flANC

7.4 Differentiate between the various
types of fuses and selecl the pro-
per fuse for a particular installn
tion.

7.5 Explain the operation of fuses and
circuit breakers.

7.6 Explain the term, "interrupting
capacity".

,7 Determine available short-circuit
current using a simple formula.

7.8 Determine the total calculated load
of a residence using the methods in
Article 220 of the NEC.

7.9 Calculate the size of the service
entrance conductors, including the
nuetral conductor.

_

Concept 8.0 Remote Control Systems for
Lighting Control Circuits

_

8.1 Explain the operation of the various
components of a low-voltage, remote
control system for lighting circuits.

Interpret the %;iring diagrams of
various types of low-voltage,
remote control circuits.

9.3 Describe the installation of a low-
voltage, remote control system
using the proper conductors, wiring,
and components according to NEC
requirements.

-.,, -- -
(Sometimes) Covered or No( ,.overed7

qsc, or NC
Wht i. it covered? I-I
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F.E'! 123 - AC Electricity - c,reenville Technical

CoNCEPr / PERFORMANCE

7.5 Define bandwidth and contrast it
with voltage gain and explain
their use in amplifiers and
receivers.

7.6 Explain the effects of 0 on
bandwidth.------------ --- ___ - -

7.7 Tell how many series resonant
circuits may be employed filters.

concept 8.0 Parallel-Reactive Circuits

8.1 Explain ihe current and voltage
relationships of series versus
parallel circuits.

8.2 Calculate current, impedence,
power, and power factor in a
parallel RL circuit.

8.3 Analyze a parallel RL circuit by
varying frequency, resistance,
applied voltage, and inductance;
prove the effects by mathematical
calculations.

8.4 Calculate current, impedence,
power, and power factor in a
parallel RC circuit.

8.5 Calculate current, impedence,
power, and power factor in an
RLC circuit.--------

8.6 Analyze an ideal parallel LC
circuit.

R.7 Define the conditions for
parallel resonance.

- -------
(Snmetimes) Covered or Not
C SC or NC
Whcn is it covered? 1-1 1-' 7-1 2-2

3.8 Diagram current and impedence
curves at the resonant frequency.

8.9 Define a tank circuit.
_

8.10 Analyze a practical tank circuit.

8.11 Analyze circuit behavior above
and below the resonant frequency.

_

37

123



123 - AC Electricity - Greenville Technical Coilep
-- ---

) T / P It 17 I MANCE

8.12 Tell how parallel resonant circutts
may be used as filters.

8.13 Define when the effective resistance
of the coil in an RL circuit must
be considered.

8.14 Calculate figure of merit,
1mpedence, and current in a
practical RL circuit.

1.21

38

(Someilmeq) Covered ot Not Ivered?

C SC or 'V'

Wh Ofl I 11 I t COVI rpd? l 1, .1.


